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PREFACE 

Tk* tool doftgnor it tho link that oonnoctt tho work of tho 
oaginoaxing dapartmont with tho productiosi job. He needt all 
the practical knowledge of the expert mechanic, ooui^ed witii 
inventive geniut. Hit job it that of telecting the machinet and 
developing the toolt that will produce piece parti with a high 
degree of accuracy and tpeed. 

The unit cott of piece parti produced dependt very larg^y 
on the tkill of the tool detigner. He maket the dedtion at to 
die amount of money that can profitably be invetted in a tool. 
He mutt invent and develop devicet for holding work and mutt 
create toolt to perform the cutting operationt. A tkillful and 
ingeniout tool detigner will reduce, to a minimum, the number ol 
operationt necettary to complete a piece part It it thit com¬ 
bination of the expert mech^c, the tkilled draiitman, and j|j||e 
inventor, that maket the tool detigner one of the ''key" men of 
modem production manufacturing. 

In one tente thit text it a companion text to our popular book 
Tool Making by the tame author. It covert the tame general 
field of operationt, but in thit new book the detign of fixturet 
and toolt it ttreat^ rather than the methodt of making them. 
Thit book hat the general characteristict of all our "how-to-do-it" 
bodkt: it it written in tuch a timple and direct ttyle that the 
beginning tool detigner will find valuable information and help 
on timple jobs, and the expert will find many tuggettiont to help 
in the ever increating number of problemt hit job pretenb. 

The oubtanding feature of the text b the great number (over 
421^ of excellent and valuable illuttrationt. Thete have aU 
'.«een taken from the production field. In mott catet they are 
ictual tool detigna, and therefore contain a wealth of information 
for the expert at well at the apprentice. The drawingt have 
been telected to cover a wide field, and the typical deiignt that 
are presented illustrate prindplet that find many and varied 
applications in other tool detignt. A thorough study of these 
drawings, apart from the discussion in the text, will oonttitute 
a real and practical education in tool designing. The author ol 
thb work has had extenrive practical experience in designing 
took. At president of a company engaged in marketing to^ to 
supply met^-manufacturing concerns, he has had the opportunity 
of keeping in touch with the mott up-to-date practices in thb fidd 
n| modem production. The author wishes to acknowledge with 
«A4nks, the valuable astittance received from various companies 
nd from individual friends connected with thete metal-manufao- 

^'ng plants. He alto b indebted to Mrs. F. Swarb for editorial 
noik on the manuscript, and to Mr. A. E. Burke and the drafting 
room staff of the American Technical Society for work on theillus- 
bationt. It it felt that thb book will fill the needt of ambitious 
beginners in the field of Tool Detign and be of practical value in 
[helping experienced men solve their detign pr^lemt. 
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TOOL DESIGN 

INTRODUCTION 

Tlie Field. Tool designing has become one of the most im* 
portant factors in our present indtistrial structure. Without tools 
which are properly designed and made, it would be impossible to 
produce many of the articles of metal, such as radios, washing and 
sewing machines, refrigerators, gas and electric stoves, and others 
too numerous to mention, which are in every-day use in our homes. 

The automobile industry today could not exist without the tool 
engineer and the tool designer. This is also true of our railroads 
with their new Diesel streamliners, and it is true of great factories 
where modem farm machinery is manufactured. The production of 
the modern aeroplane is also dependent on the tool designer. 

In our so-called mechanical age, particularly in the metal¬ 
manufacturing plants, there are two distinct groups of tools; one 
comprises machine tools, the other, perishable or small tools. They 
are dependent on each other. The machine tool is the only type of 
machinery that is capable of reproducing itself. To do this a ma¬ 
chine tool requires small tools such as tool bits, boring bars, drills, 
reamers, taps and dies, jigs, fixtures, dies, gages, etc. Without the 
necessary small tools the machine tool cannot be used, and in most 
instances a machine tool is necessary to obtain the required power 
to operate the small tools. 

During the past several years considerable improvement has 
been made in machine tools, due in part to the discovery of new 
types of steel and alloys of other metals, all much in demand for 
use in modem production. The use of articles made from these 
various metals is constantly expanding. All of this has created a 
demand for tool designers, so that tools can be properly designed 
to produce these articles at the lowest possible cost. The aim is to 
make these products available to the public at prices that will en¬ 
able the majority to purchase them. The tool designer has been 
responsible for the low cost of many articles that are essential to 
our modem civilization. 
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A good alLround tool designer is seldom out of a job. 

Qualifications. To become a tool designer, it is necessary to 
have had considerable experience in the making of tools or the use 
of tools in the shop. In addition, a thorough training in mechanical 
drawing or drafting is required, coupled with a fair knowledge of 
mathematics. It is also desirable to be able to make reasonably 
good free-hand drawings or sketches. The ability to sketch can be 
acquired by the study of some good book on this subject, and by 
practice. Many tools are designed in the drafting room from rough 
sketches that have been done in the shop. 

The tool designer should be observant in the shop and make 
notes, either written or mental, of the way the tools actually op¬ 
erate on production. By doing so he can often make improvements 
on subsequent tools of similar design. 

A good tool designer is an accurate one. This means that he 
carefully studies the part for which he is going to design a tool and 
selects the proper type of tool. He makes sure that all locating 
points are noted on the tool drawing and that his dimensions are 
correct, for he knows that errors mean loss of time and money. It 
is easy to change dimensions on a drawing, but very expensive to 
correct errors in metal. 

A good tool drawing is always neat—^never sloppy. All neces¬ 
sary dimensions are shown in proper location, and, where the design 
is at all complicated, three or more projections are drawn. The tool 
designer must consider that the toolmaker is not a mind reader, but 
is one who must convert the tool designer's ideas into metal. The 
toolmaker cannot make the tool properly unless the drawing clearly 
indicates what is required. The habits of neatness and thoroughness 
should be cultivated by tool designers. 

In the main, the best tools are not the most complicated; 
therefore, the tool designer should strive to design tools that are 
as simple as possible. It is a known fact that the larger the number 
of parts to any mechanical device, the greater are the possibilities 
for error and trouble. 

A tool designer should be well informed and have an open mind 
if the tools he designs are to be in accordance with modern practice. 
This knowledge can be obtained by reading and studying various 
technical books and trade magazines, or by joining some organiza- 
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PRACTICE AND PROCEDURE 3 

tion or society which provides opportunity to associate with men 
in similar positions in other plants. Thus by an interchange of 
ideas he can keep abreast of the latest developments in tool design. 
Having acquired this backgroimd of knowledge, the tool designer 
must use imagination and creative ability to solve problems of 
design, and he must develop initiative to carry them through. 

ELEMENTS OF TOOL DESIGN 
Over a period of years in the metal manufacturing industry, 
certain fundamental principles of tool design have been developed 
and have become standard practice. In most plants, for example, 
if a reasonably accurate hole is required in a part, the tool drawing 
of the jig shows a drilling and reaming operation. A great many 
former standards have been changed by reason of technical develop¬ 
ments. For example, imtil a few years ago no one would make an 
angle plate out of anything but cast iron. Some shops still consider 
this the best way, but many plants now use welded steel plate. 

The demands of the mass-production industries have created 
new developments in tool design; old clamping and holding methods 
have been superseded by air- and hydraulically operated jigs and 
fixtures. Up to the present these latter methods have not come 
into widespread use; therefore, this book will deal with the funda¬ 
mental principles of tool design. 

To design tools properly, there are a number of considerations 
that must be carefully weighed by the designer. They are as follows; 

Tool costs are an important factor in modem manufacturing. 
The number of pieces or parts that are to be made per year, or 
total estimated requirements, will determine the cost for tools. If 
the number of parts to be produced is small, the tools will have to 
be designed and made as cheaply as possible. If a large number 
of parts are to be made, the designer can be allowed considerable 
leeway on the cost of the tools, due to the fact that the tool cost, 
divided among a large number of parts does not represent very 
much money on each individual part. For example, if tools to pro¬ 
duce 1,000 parts per year would cost $500.00, it would mean that 
each part must bear a 50c charge for tools. On the other hand, if 
the tools which cost $500.00 would produce 10,000 parts per year, 
the tool cost would average only 5c per part. 
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The type oi tool to be designed is very important This of 
course depends on the machine tools available in the plant and the 
number of pieces or parts required, also the accuracy desired. On 
some parts there might be several possible designs for the tool. 
Usually there are only one or two ways that would be absolutely 
right. For example, a washer or shim is to be made of thin material, 
and it is desirable to have this perfectly flat. A progressive die 
could be designed to do the job, but the piece would probably be 
dished. If a compound die is correctly designed for the piece, the 
shim will be perfectly flat. It is essential that the tool designer use 
good judgment in selecting the type and kind of tools he designs. 

The use of standard items is always advisable whenever they 
can readily be procured, as this will enable the shop to produce 
tools at lower cost. Do not use special bolts, studs or nuts if they 
can be avoided. Also, try to reduce the number of sizes of bolts 
and screws in designing tools. For some tools it will be observed 
that hollow head cap screws ^/4> % V 2 loch in diameter are 
called for on the drawing. In many instances two sizes could be 
used without materially affecting the efficiency of the tool, and such 
elimination of extra sizes of screws will reduce the cost of the tool. 

The tool designer can further reduce the cost of tools by the 
proper selection of material sizes. He should try to pick out stan¬ 
dard sizes of materials from the manufacturers^ catalogs or stock 
lists. By doing so, material can be obtained promptly, and a great 
deal of extra machining will be eliminated. 

A complete file of manufacturers’ catalogs should be maintained 
in the tool-designing department so that they can be referred to by 
the tool designer. These catalogs, often prevent the unnecessary 
designing of special cutting tools, by reason of the fact that by re¬ 
ferring to a catalog it will be found that a standard tool is available, 
or a manufacturing specialist is in a position to furnish the special 
tool at a reasonable cost. Many catalogs contain valuable informa¬ 
tion and data that the tool designer must know; for example, the 
size of bore required for an antifriction bearing. Thus, by the use 
of catalogs, a great deal of time can be saved and useless work 
eliminated. 

The tool designer must keep in mind at all times that excess 
weight should be avoided in designing tools, and at the same time 
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PRACTICE AND PROCEDURE 6 

he must give consideration to the strength required. Weak tools 
are easily broken and cause trouble. Tools made too heavy some¬ 
times slow production; in addition, the excess material costs money. 

Sharp corners on tools should be avoided, particularly on jigs, 
fixtures, and dies, except where it is essential to the work the tool 
performs. 

Radii and fillets should be clearly indicated on tool drawings. 
It is important to remember that if sharp comers are allowed on 
tools of high-speed steel and tool steels or on details of jigs, fixtures 
or dies, when they are hardened, any breakage will invariably occur 
at these points. In most cases a radius can be allowed which will 
strengthen the tool. 

The safety features of tools are very important. Tools must 
be designed so as to prevent injury to the operator. This is partic¬ 
ularly tme of dies, especially forming or second-operation dies. 

FUNDAMENTALS IN DESIGN PRACTICE 

In designing tools and fixtures required to manufacture a certain 
part, the tool designer reviews the proposed procedure of the es¬ 
timate. After the sequence of operations is determined, he consults 
the interested parties who will produce this part. He then starts 
to design the tools. 

There are five major factors that must be considered when de¬ 
signing a tool or fixture: 

1. The quantity of parts to be produced 

2. The quality of the parts to be produced 

3. The machine required for operation, or space available 

4. Should the fixture be hand-operated, semi-automatic, or. 
automatic 

5. The viewpoint of safety to the operator 

Before the tool designer proceeds to design the tool, he should 
obtain all necessary information in regard to the preceding opera¬ 
tions on the piece part and the most desirable locating points. 
These are shown on the operation sheet or may be procured from 
the tool supervisor or tool engineer in the plant. When it is neces¬ 
sary to select rough surfaces for locating a piece part in a fixture, 
be sure to avoid the parting lines of the casting (this is the line or 
fin that is sometimes left on a casting when the mold is in two 
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sectioDS (cope and drag). These parting lines are not uniform and 
might cause trouble if locating points were taken on a piece part at 
these sections). In the event that the piece part is made of a drop 
forging, there will be a flash line between the upper and lower half 
of the drop-forging die. When it is necessary to locate a piece part 
on rough surfaces, and there will be succeeding operations for which 
tools must be designed, always select the same location points for 
each operation. 

The tool designer should study the blueprint of the piece part 
carefully to be sure that he understands what surfaces are to be 
machined, and what relation these surfaces will bear to other sur¬ 
faces to be machined on the same piece part. The tolerances 
specified on the piece-part drawing should be carefully analyzed to 
see that they are within manufacturing limits. When cored holes 
are used as a means of location, it is necessary to see that such 
locations will be satisfactory in relation to the other surfaces to be 
machined in later operations. 

On tool drawings the name and type of tool should be put in 
the title block on the drawing; for example, Milling Fixture to Mill 
Top Surface and Sides of Bracket, It is sometimes advisable to 
insert the number of the operation. The tool should be given a 
number and it is advisable to give the name and number of the 
machine on which the fixture is to be used. If more than one certain 
design of piece part can be machined in the same fixture, the design 
numbers of these parts should be given on the tool drawing. Milling 
machine operation layouts should include cutter setup blocks, also 
spindle and cutter. These should be shown on the assembly draw¬ 
ing of a fixture, as should also important gaging dimensions. 

In the material list, the sizes and types of material should be 
clearly stated; and it should be specified if the material is to be 
hardened. On some types of simple fixtures the assembly and 
detail drawings can be put on one sheet. However, where there are 
patterns and castings involved and numerous details, separate 
sheets are used. A tool drawing should specify that the tool number 
be stamped on the fixture. In a great many plants special alloy 
steels and tool steels that must be hardened and ground have the 
brand name or other identification name marked on them so they 
can readily be identified when replacements are necessary. 
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PRACTICE AND PROCEDURE 7 

7jbe word '"tolerance” in metal manufactwrmg means that defi- 
nite limits of accuracy have been established. If the dimensions of a 
piece part are given as a fraction (for example; it usually means 
that this dimension has an allowable limit of error to plus or minus 
.005'^. In other words if the dimension on a piece part is it 
could be made .005" over, or it could be .005" under, this dimension. 
On the other hand where a dimension is given as 4,50(y', this is 
termed a flat dimension. Many tool designers put dimensions on 
drawings in this manner; however, this is not correct because to 
hold a piece of work to a flat dimension of this kind would mean add¬ 
ing excessive cost to the machining operation. The dimension should 
be placed on the drawing with the tolerance, which should be as 
large as practicable. For example, the dimension 4-^00'' plus ,00V^ 
minus ,001'' would mean that the piece can be machined as much 
as .001" over the basic dimension, or it can be machined .001" less 
than the basic dimension. 

Close limits of accuracy add to the cost in producing piece parts 
and are an unnecessary expense in many instances where close toler¬ 
ances are not actually required. A tool designer in every case 
should specify the required limits of accuracy plainly. 

All locating pins should be made somewhat smaller than the 
hole they are to enter, particularly in locating in fixtures for succes¬ 
sive operations. These pins should be from .002" to .005" smaller 
than the hole they are designed to enter. 

On dimensioning holes that are to be bored in a jig borer, dimen¬ 
sions should be given from a vertical surface to a vertical center 
line of holes, see dimension 2,875 of Fig. 1, and then from center to 
center of holes. The vertical dimensions are taken from a horizontal 
surface to a horizontal center lin.e of holes, see dimension 1,0625, 
then from center to center of holes. On all holes spaced from a 
central point, the radial dimensions should be given. In dimen¬ 
sioning drawings, make sure that the decimal points are in their 
proper place; failure to do this can cause considerable expense and 
trouble in the tool room. 

Iq detailing, make sure that enough views of the detail are 
drawn so as to avoid any possible chance of confusion. In other 
words, these details must be definite and complete so that a tool 
made from the design will be as intended. 
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Whenever it is necessary to use a pin or a dowel, its size should 
be shown as a fractional dimension. The size of the hole should 
be given with the same fractional dimension as the pin, but with 
a note of press jit or drive jit. When it is necessary to use a hardened 
and ground part, the fit required should be added to the dimension, 
such as a slip jit, running jit, drive jit or press jit. 

To avoid machining operations, specify, whenever possible, sizes 
that are standard. 



f‘TrM4$y^4.92S**ST££L PLAT£ 

Fig. 1. Boring Layout Used with Jig Boring Alachine 


The tool designer must use good judgment at all times in 
choosing the correct design of tools and correct material; and he 
must make sure that the tool will perform the operations for which 
it is intended. 

Having acquired information concerning the previous opera¬ 
tions on the piece part, the designer studies the blueprint of the 
part as well as a casting of it if one is available. It is always 
advisable for him to consult the shop superintendent or foreman of 
the department in which the tool is to be used. Such a discussion 
of the proposed design in advance can eliminate many difficulties 
and make sure that the ideas of the superintendent or foreman are 
in accord with the designer’s. This cooperation assures favorable 
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PRACTICE AKD procedure 9 

consideration for the tool when it is put into the shop. The de¬ 
signer starts the layout by drawing the piece part in red, and where 
there is any possibility of the piece part or the tool interfering witli 
the machine, such parts should be indicated in blue so that this 
interference may be avoided. Around this, a layout of the proposed 
tool is drawn. 

Three complete views of a design should always be shown 
except where it can plainly be seen that the third view would be 
of no value to the layout or in understanding just what the designer 
intends. After tl\is layout or preliminary assembly drawing of the 
tool is made and the design is approved, the detailing of the various 
parts can be finished. The final assembly drawing is made up 
from the checked detail drawings. By this procedure any errors 
are discovered when this drawing is made, thus providing a double 
check. In some siiops no final assembly drawing is made; instead, 
the preliminary assembly drawing is made to serve as the complete 
assembly drawing. 

TYPICAL MANUAL OF PROCEDURE 

In a great many plants, before proceeding with the design of 
various tools, instructions are given to the tool designer that will 
enable him to handle the work in the way the plant wishes the 
drawings to be made. By instruction of this kind a great deal of 
lost time is eliminated and the tool designer has something to guide 
him. This avoids the necessity of going to the chief tool designer 
and a^^king needless questions. 

The j)rocedure shown is not that followed in all plants, but is 
fairly representative of a great many.* The instructions follow. 

You are kindly requested to note the following 
paragraphs for simplification and standardiza- 
tion of tool-design work in this department. 

f. You may omit the location of .^crew and dowel holes except in cases 
where the exact location must be held. Screw and dowel holes should be shown 
in their correct position to scale. 

*2. Though the title of the assembly sheet (Sheet No. 1) must be fully 
descriptive, as it has been the pmctice, the title of the detail sheets may be 
just “Details.” 

*For various reasons, some of these standard rules eould not be followed for the 
illustrations shown in this hook. For example, title blocks, instructions, etc., have in 
some cases been omitted for lack of space in the drawings, which are neceeaarily shown 
reduced. 
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3. Detail titles shown in the part list should be confined to one word il' 
possible. For example: pin, plug, plate, block, hub, bushing, etc. 


Exceptions: 

Lower Die Shoe 
Upper Die Shoe 
Hex. Nut 
Jam Nut 
Standard Washer 


Hollow-Head Screw 
Hollow-Head Set Screw 
Hex. Head Screw 
Fillister-Head Screw 
Round-Head Screw 
Etc. 


4 . Leave out specification for dowel pins in “Material*^ column. 

5 . If made of steel, leave out specifications for screws, nuts and washers 
in ^‘Material” column. 

6 . Each detail should carry its number, material, and quantity required. 
If part has to be hardened and ground, specify accordin^y. 


7 . Bolt Holes 

Specify clearance holes for bolts as follows: 

Example: for Va!* Hollow-Head Screw, 5 holes 
( 5 ) Drill 

If counterbored, 

( 5 ) Drill A Dia. CTB Deep 

In most cases diametrical clearance will be sufficient; in rare cases 

is used. 

Note that the O.D. of commercial screws always runs undersize; that is, 
they are manufactured «to a minus tolerance and will fit a hole of the nominal 
bolt size. For instance, a bolt will go into a drilled hole. But despite 
this, fact, a hole larger in diameter is, for practical reasons, generally used 
in this department. 


8 . Screws 

When using commercial screws, use Hollow-Head Screws in place of 
Fillister-Head Screws. Use Fillister-Head Screws for sizes smaller than 
Hollow-Head Screws can be had from up. 

9 . Abbreviations for Screws 
Holl.-Hd Scr. 

Fil.-Hd. Scr. 

Hex.-Hd. Scr. 

Rd.-Hd. Scr. 

Flat-Hd. Scr. 

10 . Dowel Holes 
Call for dowel holes as follows: 

(2) Ream for Dowel 

When doweling two or more parts together, it is sometimes necessary to 
have a press fit for the dowel pin in only one piece, to insure the pin staying in 


Holl.-Hd. Spt Scr.~Dog Pt. 
Holl.-Hd. Set Scr,—Cone Pt. 
Holl.-Hd. Set Scr.. —Cup Pt. 
Holl.-Hd. Set Scr.—Rd. Pt. 
Sq.-Hd. Set Scr. 
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that piece while disassembling the fixture. In that case, call for 
(2) Ream—Pr. F. for Dowel 

on the part with the smaller hole and 

(2) Ream—Push Fit for Dowel 

on the part with the larger hole. 

When dowel holes have to be located from other parts, call for 
(2) Ream—Pr. F. for Dowel 

Loc. from Det. #6 


11. .Thickness Gages 

For sheet steel and steel plates use U. S. STD. GAGE. 

For strip steel and spring steel use BIRMINGHAM GAGE. 

For music wire use MUSIC WIRE GAGE. 

For steel wire use AMERICAN STEEL & WIRE CO. GAGE. 

When specifying, give number, decimal and name of gage. Example; 

#16 (.062) U. S. S. GAGE 

12. Detail Drawings 

o) When detailing, show the parts in the same position as they are shown 
in the assembly whenever possible. 

b) To simplify detail work you may use a small sheet, put same on top 
of the assembly drawing and trace the details. The smallest sheet to be used 
is Works Form #351, except when assembly is made on sketch size sheet. 

c) Details must have over-all dimensions. 

d) Show center lines on round pieces. 

c) In many cases considerable savings can be made by avoiding even 
over-all dimensions, provided they represent machining dimensions. For ex¬ 
ample, do not make a piece which* has to be machined on the outside. 

2"x2''x2'' if it can be made 
1%"X1%"X2" 

For the 2''x2" size, 2%''x2V^'' stock may have to be used, and ’,l»-inch 
will have to be machined off on each side. 

For the l%"Xl%'' size, 2''x2" stock can be used and only % inch will 
have to be machined off. 

13. Relief for Grinding 

Show the kind of relief required and dimension it if necessary. 

When a radius is preferred to an undercut, it is better to call for a 
He'" MAX. RAD. than merely to call for a He" RAD. In the latter case, time 
may be wasted in making the radius He" while the radius may be anywhere 
between H4" and Ho"- 

14. Dies 

a) "P” Number and Make of Press 

The assembly drawing of a die must specify the Number and make 
of press used. Give this information in the right-hand comer of the drawing 
on the left side of the part list. 

b) Closed Die Space 
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Show the front view of the die with the punch holder at its lowest podtion 
and with the part in place. Give the dimension from the top of the punch 
holders to the bottom of the die shoes in the following manner: 

6 %" Closed Die Space 

c) Stock Thickness 

The thickness of the stock to be punched, sheared, or formed must appear 
somewhere on the drawing. 

15. Limit Gages 

a) Specify material for to thick fiat limit gages as follows: 

Flat Ground Stock Tool St. 

Hdn. & Gr. 

h) Have the words “MAX.” and “MIN.”, the part number, and the 
maximum and minimum dimensions stamped on the gage, and show their 
location on the drawing. 

c) Decimal dimensions on gage drawings must carry “Toolmakers” tol¬ 
erances. 

d) Flat snap gages must be provided with a drilled hole for the 
purpose of hanging the gage on a pin. 

CHECKING 

In the majority of metalworking plants having tool designing 
departments, after the individual tool designer has completed his 
drawings of the tool to be made, the design is checked, usually by 
an experienced tool designer who is employed for this specific 
purpose. It is entirely possible that the tool designer has made 
errors which, in the event they were not detected, might be the 
cause of making a poor tool or add unnecessary expense to the 
making of the tool. Certain definite items should be carefully 
considered by the checker before he signs his name in the title block 
as certifying the tool drawing is correct for the purpose for which 
it was designed. It is well for the tool designer to know whfiCt points 
the checker is going to look for. The following is a composite outline 
of these items, and though not standard, it is typical of those used 
in the majority of metalworking plants. 

I. Check for conformity with drafting-room standards. 

A. Check sise of sheet. 

B. Are projections correct? 

C. Are sections properly labeled? 

D. Is drawing perfectly clear? 

E. Is drawing neat? Are all figures plain and will the drawing make a 
good blueprint? 
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2 » Check for design. 

A. Is the weight of the tool properly distributed? 

B. Has the tool sufficient strength? 

C. Check for molding, forming. 

D. Analyse the cost. (This means: is the probable cost of the tool 
in line with the design of the piece part and the quantities to be produced?) 

E. Can it be machined? (Would it be possible to make the tool as 
designed?) 

F. Are there any interferences? 

G. Can it be assembled? (This means that a design may look feasible 
on paper, .but perhaps cannot be transferred into metal due to machining 
limitations which would make it impossible to assemble the various details 
of the tool.) 

H. Are undercuts, fillets, or chamfers properly indicated? 

I. Are ail bores of the correct size? 

3. Check for dimensions. 

A. Are all dimensions correct? 

B. Does the drawing have necessary or unnecessary decimal dimen- 
sions? (The tool designer sometimes specifies decimal dimensions to veiy close 
limits where these are unnecessary and a fractional dimension would be satis¬ 
factory.) 

C. Eliminate duplicate dimensions. 

D. Are all arrowheads shown? 

E. Are dimensions that do not scale underlined? 

F. Check as to whether or not special drills and reamers are necessary. 

G. Check for tap drill sizes. 

H. Are all necessary dimensions shown on the tool drawing? 

I. Are all necessary finish markings shown properly? 

J. The details of the tool drawings should carry this note: ''Remove 
unnecessary sharp comers.’’ (This is very important as sharp comers that are 
left often cause injury to the operators who use the tools.) 

4. Check title block. 

A. Is the title of drawing correct and complete? 

B. Check tool pattern and drawing number. 

C. Is correct date shown? 

D. Are signatures correct? 

E. Check number of parts required. 

F. Is the correct material used for the various details of tool drawing? 

G. Check the operation for which the tool is intended. 

H. Check the machine on which the tool is to be used. (This is 
important as it is sometimes found that tools are designed that are totally 
unsuited to the machine on which they are to be used.) 

5. General notes. 

A. Are all parts necessary to complete the tool as designed and 
detailed? 
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B. Are all standard or purchase parts of tools listed in the bill of 
material? 

C. Are chucking rings or machining lugs necessary on the various 
details of the tool? 

D. Has the proper material been specified and is it readily available; 
also check to see whether the proper heat treatment has been specified. 

£. Does the design drawing give the necessary information for stamp¬ 
ing the tool number on the completed tool or on loose parts that may be 
necessary for using the tool? 

F. Has the tool number assigned to the drawing been duplicated? 

G. Has the machine name and number been shown above the title 

block? 


6. Indication of design revisions. In many manufacturing plants the 
same design of tool can be used for new piece parts with some revisions of 
the drawing. Therefore, the new drawing should be checked to show at what 
points changes have been made on the layout, and these should be indicated 
with a suitable letter and arrow. All revisions should be recorded on the 
assembly sheet and, if the drawing has additional sheets, the revisions that 
affect these additional sheets should be indicated on them. 


QUIZ QUESTIONS 

1. What are the two distinct groups of tools used in metal-manufacturing 
plants? 

2. What are the qualifications of a good all-round tool designer? 

3 . Why is it important to keep tool designs as simple as possible? 

4 . In designing tools, what are some of the considerations that must be 
carefully weighed by the designer? 

5 . Why should the designer always use standard parts whenever they 
can be procured? 

6. What are the five major factord that must be considered when de¬ 
signing a tool or fixture? 

7 . Discuss the term '^tolerance” as used in machine manufacturing. 

8. What is the value of the manual of procedure used in many drafting 
offices? 

9 . In checking drawings, what are the main points that the checker 
should consider? 
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The tool designer at the present time may choose from a wide 
variety of materials. This is so because of constant technolo^cal and 
metallur^cal developments during the past few years. The demands 
of the metalworking industry have been responsible for the intro¬ 
duction of these metals and alloys. While some of them are new, 
others have been known for some time but were not commercially 
available. 

The automotive and aviation industries have been insistent in 
their demands for new materials which would solve some of their 
manufacturing problems. These new materials, coupled with im¬ 
proved methods, have had an effect on the design of tools. For 
example, the widespread use of tungsten carbide cutting tools has 
caused the machine tool manufacturers to change the designs on 
machine tools. These are made heavier and more rigid, and bearings 
have been increased in size to allow higher speeds and feeds. The 
tool designer also has had to keep pace with these developments and 
change his designs to provide for the use of tungsten carbides, etc. 

On account of the low weight factor, the use of aluminum and 
its alloys is constantly increasing for jigs and fixtures. The aviation 
industry has been using magnesium and its alloys for some parts. 
This metal and its alloys require cutting tools of special design. 

Fig. 1 illustrates an aluminum fixture for spot-welding the 
handle on an ordinary cooking utensil. Because of the lightness of 
aluminum jigs, the operator can handle them without much effort; 
this tends to decrease fatigue and increase production. The selection 
of proper materials for the design of tools, jigs, and fixtures is very 
important. Therefore, the tool designer should have an adequate 
working knowledge of the materials that are available. Considerable 
waste can be avoided and real economy can be effected in metal¬ 
working plants throu^ the use of tools which are properly designed 
and constructed for each job, and which are made from the material 
best suited to the work being machined. In this way considerable 
money can be saved and real improvement made in the quality of 
the products. 
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A tool designer should consult manufacturers' catalogs for sizes 
and shapes of material before putting the size in the stock list on 
his drawing. Oftentimes by making slight changes in parts that can¬ 
not be made from stock items, a standard stock size can be used. 
Certain sizes of round, square, and rectangular shapes of steel are 
regularly stocked by the manufacturers. By designing the tools to 
incorporate these standard sizes, considerable time and money can 
be saved. For example, suppose a tool designer specifies that a bush¬ 
ing plate for a jig is to be made of machine steel. This means 



I? 
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Fig. 1 . Aluminum fixture for Welding 
Courtesy of Aluminum Co. of America, Pittsburgh, Pa. 


that the plate will have to be machined top and bottom in order to 
obtain a true surface, as machine steel is hot-rolled. On the other 
hand, if cold-rolled steel is specified, this is rolled smooth so that the 
surface is suitable for the boring operations for the drill bushings 
without any machining of the top or bottom. The same is true in 
designing fixtures containing shafts. The designer should check the 
catalogs to see that the size of shaft he is going to use is standard. 
The following materials are those commonly specified by the tool 
designer in the average plant. 

Aluminum. Aluminum weighs approximately one-third as much 
as steel. Due to this lightness, it is being used for many jigs and 
fixtures that were formerly made of cast iron or steel plate. Alumi- 
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num bandies are being put on tools, and parts of special macbines 
are now being designed and made from this metal. 

Brass. Brass is widely used in the average metalworking plant. 
This metal is an alloy of copper and sine, usiially about 60% is 
copper and 40% is zinc. Brass is a very ductile metal and is pro¬ 
duced in various forms; for example, sheets, rods, squares, and rec¬ 
tangular shapes. It is extensively used in designing and making 
special machines, parts, etc. 

Bronze. This metal has proved to be the most ideal bearing 
metal. Bronze is an alloy of copper, tin, lead, phosphor, and anti¬ 
mony; in some instances manganese is used to give it additional 
hardness. The use of bronze for bearings has decreased somewhat, 
particularly where the shafts revolve at a high rate of speed. This 
decrease has been caused by the introduction of bail, roller, and other 
types of antifriction bearings. However, bronze is used on a great 
number of machine tools for many of their bearings. On experimental 
jobs it is particularly valuable, as the cost is quite low in comparison 
with some of the other types of bearings. 

Cast Iron. Cast iron is a metal frequently used by the tool de¬ 
signer in his designs of jigs, fixtures, certain types of cutting tools, 
special machines, and other equipment that is ordinarily made in 
the tool room. Iron is derived from iron ore, the largest percentage 
of which comes from the vicinity of Lake Superior, and is obtained 
from a very heavy reddish, stone-like material called hematite. This 
is an oxide of iron made up of 70% iron and 30% oxygen. Before 
this ore can be of any use it is put into a blast furnace. Charged 
with a mixture of iron ore, coke, and limestone, the furnace is lighted 
and the mixture results in a pig iron. The pigs contain about 92% 
iron and about 3%% to 4% carbon. 

The pig iron is remelted in a cupola with certain other mixtures; 
the resulting product, when cast into useful shapes, is called cast iron. 
Cast iron, or gray iron as it is commonly called, contains approxi¬ 
mately 2% to 2.6% carbon. During the past few years other alloys 
have been added to cast iron to form cast irons which are particularly 
adaptable for various phases of tool work; for instance, on a large 
forming die for automobile fenders, alloyed cast irons are extensively 
used. On certain types of drawing dies, otiier alloys have been found 
particularly suitable. Die sections can be cast to the form desired 
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and a minimum amount of machining is necessary in order to produce 
the die required. The addition of nickel to cast iron has resulted in 
improvement of the machining qualities and in increased tensile 
strength. There has been considerable controversy over the relative 
merits of cast iron as compared to welded steel construction on jigs 
and fixtures, but the consensus of opinion still favors cast iron over 
other materials in designing tools, dies, jigs, and fixtures. 

Malleable Iron. This metal is often used by the tool designer 
for certain parts of special machines, jigs, fixtures, and particularly 
for handwheels where considerable strength is required. Malleable 
iron is made from the white iron. This is the pig iron originally 
produced from iron ore. A certain percentage of scrap is added to 
the pig iron, which produces a hard white casting. It is so brittle 
that it cannot be used in its original state; therefore, to produce a 
malleable iron it is necessary to anneal these castings approximately 
48 to 60 hours in a furnace at a temperature of approximately 
1600°F. This produces a very strong casting. 

Cold-Rolled Steel. This material is almost invaluable to the 
tool designer, as it comes in all shapes and sizes and, due to the 
rolling process, has a very smooth finish. Round cold-rolled steel 
shafts and rods are used for making pins and shafts for use in jigs 
and fixtures. The flat sections are used for the building of jigs, fix¬ 
tures, dies, gages, etc. The tool designer finds almost innumerable 
uses for cold-rolled steel. It is stocked by most of the manufacturers 
of steel and is readily available at all times. 

Drill Rod. Drill rod is a carbon tool steel which may be had 
in rounds or squares. It is cold drawn and in some instances is ground 
or polished to very accurate limits. Drill rod has a wide use in de¬ 
signing and building all types of tools. The tool designer specifies 
drill rod for various types of small cutters, pins of all types, and 
shafts, where it is necessary to have them hardened and ground. It 
is obtainable in all of the wire gage sizes up to and including 1 inch 
in diameter, and is usually 3 feet in length. 

Hot-Rolled Steel. This is usually a low-carbon steel that is 
rolled to shape while hot. The surface produced is rough and it is 
necessary in many instances to specify that these surfaces be ma¬ 
chined before using this material in various types of tools. Hot- 
rolled steels are also furnished in various shapes and sizes. One 


28 



MATERIAW 


5 


variation of hoWolled steel is the so*called tank plate or boiler plate. 
This material is used for the construction of all types of jigs and 
hxtiu-es, special machines, special die sets and other details that are 
ordinarily used in the fabricating of tools. The advent of the 
acetylene cutting torch has increased the use of tank plate in metal¬ 
working plants. 

S.A.E. Steels. The series of analyses by the Society of Auto¬ 
motive Engineers has been generally recognized as the basis for the 
numerical representation and division ranges of the chemical analysis 
of steel in the United States. The S.A.E. steels are also called alloy 
steels. These standards were established a few years ago and most 
of the steel manufacturers adhere very closely to the S.A.E. gradings. 
Each of these steels has a numerical rating which is used by the tool 
designer on his drawings; for example, S.A.E. 1020. In carbon steels 
the S.A.E. numbers run from 1010 to 1095, and the last two numbers 
indicate approximately the carbon content. It is necessary for the 
tool designer to make a study of the various types of alloy steels 
that are available; each one has been produced for a definite pur¬ 
pose, to overcome some objection in other types of steel. The steel 
manufacturers usually provide catalogs giving the chemical and 
physical properties of these alloy steels, and the tool designer can 
save himself considerable time by consulting the manufacturer as to 
the proper steel for specific jobs. Most steel manufacturers are 
pleased to give the tool designer the necessary information. 

Tool Steels. Tool steel has six principal classifications: 

1. Carbon 

2. Low-alloy 

3. Nondeforming 

4. Shock-resisting 

5. Hot-work 

6. High-speed 

Carbon tool steels are divided into several different analyses, 
each one to suit the particular work for which it is intended. It 
would take considerable space to outline the different uses for which 
these carbon steels could be specified. Low-alloy steels are usually 
specified for parts of jigs, fixtures, dies, etc., where it is desired to 
carburize, harden, and then grind. Nondeforming steels are produced 
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in various alloys to obtain the desired results. Some of the applica¬ 
tions of these are: intricate blanking dies, ring gages, spline gages, 
master gears, master cams. These are oil-hardened steels and do not 
materially change shape or form in being heat treated. However, 
their abrasion-resisting qualities are not so good as some of the 
water-hardened steels. 

Shock-resisting steels are used for making pneumatic chisels 
rivet sets, concrete drills, shear blades, and particularly for heavy 
materials and heavy-duty springs and spring collets. Hot-work tool 
steels are used in the designs of hot upsetter and bearing dies, hot 
bender dies, shear blades, and small drop-hammer dies. These steels 
retain their temper and hardness while working on material at high 
temperature. 

High-speed tool steels are made in a number of analyses and 
in different alloys to give them specific qualities for certain definite 
purposes. Ordinary high-speed steel is called 18-4-1 and contains 
66% to .75% carbon; however, this carbon content is seldom men¬ 
tioned. This 18-4-1 high-speed steel has the following analysis: 


Carbon 

Manganese 

Chromium 

Vanadium 

Tungsten 


.65-.75% 

.20-.30% 

3.50- 4.50% 
.90-1.20% 

17.50- 19.00% 


High-speed steel having this analysis remains a major tool ma¬ 
terial in spite of the various developments of tungsten carbide, 
Stellite, etc. It is widely used for the making of lathe and planer 
tools, form-cutting tools, reamers, drills, turning tools (particularly 
in a gang setup where it is not possible to run these tools at a maxi¬ 
mum feed and speed), and for lathe centers. The addition of cobalt 
and molybdenum changes the quality of high-speed steel, but the 
tool designer should get expert advice from the steel manufacturer 
when called upon to produce certain types of tools from high-speed 
steel. 

The tool designer employed in certain types of plants will be 
called upon to specify stainless steel, particularly where chemicals 
are being used; however, the use of stainless steel in designing tools 
is not common practice. 
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Tui4;sten Carbide. This new cutting metal has been developed 
during the past few years, being used particularly for machining 
iron, copper, brass, plastics, etc. The manufacture of this material 
has been closely controlled, and before attempting to specify dif¬ 
ferent grades of tungsten carbide on the tools he has been called upon 
to design, the tool designer should obtain the adnce of the manu¬ 
facturer of this product. Designing tools of tungsten carbide offers 
innumerable problems, as there are numerous factors that must be 
taken into consideration. It is necessary to avoid extreme shocks 
in using this material for cutting tools. This metal is a product of 
the electric furnace; the tungsten itself is made into carbide and 
then cemented together by means of high heat in an electric furnace. 
It can cut various metals at much higher speeds than any other type 
of cutting material. Tools designed from tungsten carbide will be 
illustrated under Cutting Tools. 

Stellite. This metal is largely used for cutting tools and for 
sections of other tools where great wear-resisting qualities must be 
assured. Stellite is a nonferrous metal containing various percentages 
of chromium and cobalt, with a small amount of molybdenum or 
tungsten. These latter two alloys make this metal particularly suited 
to the manufacture of high-speed lathe tools or cutters. This metal 
cannot be forged or machined except by grinding; it is cast to the 
size and shape desired. The outstanding advantage of Stellite is that 
cutting tools made from it retain their cutting quality even at red 
heat. Stellite cutting tools have proved to be remarkably efficient 
for machining gray iron castings; on certain types of low-carbon 
steels the results have not been so good. The use of Stellite has 
worked out very well in certain types of spotfacing cutters which are 
designed for machining surfaces of either rough gray iron or steel 
castings. 

Nitriding Steels. This group of steels has been developed with 
an idea of obtaining steel of extremely hard surface and which is 
nondeforming. This steel is hardened in a furnace where ammonia 
is admitted to it to give it the surface hardening. When the ammonia 
enters the furnace it forms a gas, and the chemical reaction causes a 
very hard outer case on the work piece. Nitriding steels have been 
found particularly desirable for boring bars, as this extreme surface 
hardness provides excellent wearing qualities. 
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Other Metals. There are a number of additional materials that 
the tool designer will be called upon to work with on designs of 
various types of tools in metalworkipg plants. Some of these are 
not fully developed at the present time, and new alloys and various 
types of metals are being constantly developed to suit the particular 
needs of various industries. It is therefore essential that the tool 
designer try to keep abreast of the development of these materials. 

ALLOWANCE OF STOCK FOR BENDS 

In stamping or forming sheet metal, it is necessary to develop 
blanks for forming. Particularly where 90° bends are made, it is 
desirable for the tool designer to know just how much stock he must 
allow. The table. Fig. 2, shows the amount of allowance to be made 
for these 90° bends. The amount of the radius allowed has been 
calculated so as to determine the exact length of the flat blank. A 
table of this kind saves the tool designer considerable time and is an 
improvement over the old cut-and-try method. 

HARDNESS OF METALS 

The tool designer is called upon to determine the degree of 
hardness for various types of cutting tools, also the hardness of 
various drills, jigs, fixtures, dies, gages, etc. He is also confronted 
many times with drawings on which he must indicate heat treatment 
to various degrees of hardness. 

There are several different means of determining the hardness 
of articles made from metal; among them is the Rockwell hardness 
tester. This instrument has a diamond point which penetrates the 
surface of the metal and gives a reading in numbers as to the hard¬ 
ness of the part being checked. The Brinell system is somewhat 
similar except that it has a hardened steel ball which is pressed into 
tile material under a known load. The diameter of the impression 
made in the part is read through a measuring microscope, and the 
hardness is determined by dividing the known load by the diameter 
of the impression. Other systems are the Vickers or Firth diamond 
hardness munber, and the Scleroscope. The hardness of the part is 
determined by this last instrument by means of a steel ball. The 
rebound of this steel ball on the work indicates the approximate 
hardness. 

These various systems are used by different plants, and it is 
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Hardness Conversion Table 



Rockwell 


Bnnell 

Equiw 

Vioken 

or 

Firth 

Bolero* 

scope 

B Scale 

Diamond C Scdi 


lent 

100 Kgm 

150 

ICpD* 

100 

Kgm 

60 

Kgm 

Diam of 
Impression 
in Mm 

Hardness 

Number 

1000 Lb 
Sq.In. 

Diamond 

Hardness 

Number 

Number 





200 


464 







2 05 

898 

439 







2 10 

857 

419 







2 15 

817 





72 

82 

80 

220 

782 

383 

1220 



69 

80 

87 

2 25 

744 

365 

1114 



67 

78 

85 

2 30 

713 


1021 

96 


65 

76 

84 

2 35 

683 

334 

940 

92 


63 

74 

83 

240 

652 

318 

867 

88 


61 

72 

82 

2 45 

627 

307 


85 


59 

71 

81 

250 


294 

746 

81 


58 

69 

80 

2 55 

578 

282 

694 

78 


56 

68 

79 

260 

555 

271 

649 

75 


54 

67 

78 

2 65 

532 

260 


72 


52 

65 

77 

2 70 

512 

251 

587 

70 


51 

64 

76 

2 75 

495 

242 

551 

68 



63 

76 

2 80 

477 

233 

534 

66 


4S 

62 

75 

2 85 

460 

226 


64 


47 

61 

74 

290 

444 

217 

474 

61 


45 


73 

2 95 

430 


4^ 

59 


44 

59 

73 

300 

418 

205 

435 

57 


43 

58 

72 

3 05 


197 

423 

55 


41 

57 

71 

3 10 

387 

189 

401 

53 


40 

56 

71 

3 15 

375 

183 

390 

52 


39 

55 

70 

320 

364 

178 

380 

50 


38 

54 

69 

3 25 

351 

172 

361 

40 


37 

53 

69 

330 

340 

167 

344 

47 


36 

52 

68 

3 35 

332 

162 

335 

46 


35 

52 

68 

3 40 

321 

157 

320 

45 


34 

51 

67 

3 45 

dll 

152 

312 

44 


33 

50 

67 

3 50 


148 

305 

42 


31 

49 

66 

3 55 

293 

144 

291 

41 


30 

49 

66 

360 

286 

140 

285 

40 


29 

48 

65 


277 

136 

278 

39 


28 

47 

65 

3 70 


132 

272 

38 


27 

46 

64 

3 75 


128 

261 

37 


26 

45 

64 

380 

255 

125 

255 

36 


25 

45 

63 

3 85 

248 

121 

250 

36 

100 

24 

44 

63 

390 

241 

118 

240 

35 

99 

23 

43 

62 

3 95 

235 

115 

235 

34 

98 

22 

42 

62 

400 

228 

113 

226 

33 

97 

21 

41 

61 


223 

109 

221 

33 

97 

20 

41 

61 

4 10 

217 

106 

217 

32 

96 

19 

40 

60 

4 15 

212 

104 

213 

31 

95 

18 

39 

60 

4 20 

207 



30 

94 


38 

59 

4 25 

202 


201 

30 

93 


37 

58 

4 30 

196 

96 

197 

29 

92 


36 

58 

4 35 

192 

94 

190 

29 

91 


35 

57 

4 40 

187 

91 

186 

28 

89 


34 


4 45 

183 

90 

183 

28 

88 


34 

56 

450 

179 

89 

177 

27 

87 


33 

55 

4 55 

174 

88 

174 

27 

86 


32 

55 

460 

170 

86 

171 

26 

85 



54 

4 65 

166 

85 

165 

26 

84 



53 

4 70 

163 

84 

162 

25 

83 



53 

4 75 

159 

82 

159 

25 

82 



52 

4 80 

156 


154 

24 

81 



52 

4 85 

153 

79 

152 

24 

80 



51 

490 

149 

77 

149 

23 

78 

i 


50 

4 95 

146 

75 

147 

23 

76 



50 

500 

143 

73 

144 

22 

76 





140 

72 



75 




5 10 

137 




74 


1 


5 15 

134 

69 



72 

1 



520 

131 

68 



71 




5 25 

128 

66 



69 

1 



530 

126 

65 



69 




5 35 

124 

63 



67 




5 40 

121 

62 



66 




5 45 

118 

61 




1 ig 3 


34 
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necessary to have a conversion table to determine just what the 
hardness would be if measured by some other system than the one 
used in the plant where the tool designer works. Therefore Fig. 3 is 
a table showing the comparison of the various systems. For the 
Rockwell system the C scale is generally used, and the tool designer 
will notice on some drawings the following note: Material SA,E. 
Sllfl heat treated to 29-31 Rockwell C. This specifies that the C 
scale on the Rockwell system is used. 

QUIZ QUESTIONS 

1. In what ways has the introduction of many new materials affected the 
design of tools? 

2. "Why is it important for the tool designer to consult manufacturers* 
catalogs regarding sizes and shapes of materials before inserting sizes in the 
stock list on his drawings? 

3. Why is aluminum used in many jigs and fixtures? 

4. What are some of the important uses of bronze in machine manu¬ 
facturing? 

5. In what types of jobs does the tool designer use cast iron? 

6. What makes cold-rolled steel an invaluable material to the tool 
designer? 

7. What are some of the uses that a tool designer makes of drill rod? 

8. What are the six principal classifications of tool steels? 

9. What is the analysis of high-speed steel? 

10. Name some of the uses of high-speed steel in tool making. 

11. When using tungsten carbide as a cutting tool, what precautions must 
the tool designer use? 

12. What important use does the tool designer make of Stellite? 

13. What are some of the peculiar qualities of nitriding steel? 

14. Name the several methods for determining the hardness of metals. 
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JIG AND FIXTURE AND TOOL DESIGN 
STANDARDS 

In many of the metal-manufacturing plants of this country, 
during a period of years, certain definite standards of tool designing 



Fig. 1 


have been adopted. This has come about in some instances by the 
painful and tedious process of trial and error. In other plants, 
wasteful duplication of tool designs has caused the setting up of 
these various standards. 
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Thdr adoption has not been complete throu^^out the industrial 
centers of this country, but there is a tendency toward standardisa¬ 
tion of tool designing methods and standards. Due to the rapid 
changes in the variety of products manufactured, it is very difficult 
to set definite standards in some plants, while in other plants the 
product remains the same except for minor changes. Therefore, the 
standards that are to follow are to be taken as suggestions as to 
what might be adopted in some plants. Certain items are common 
to the majority of plants engaged in the manufacture of articles 
made of metals. 

Hand Knobs. The hand knob shown in Fig. 1 is in common 
use on a great many types of jigs and fixtures. In many tool design¬ 
ing departments and manufacturing plants, standard forms of hand 
knobs are adopted, and, in the event of placing work on the outside 
with local tool shops, these plants generally advise the tool shops 
that they will furnish these knobs. By having a pattern and a quan¬ 
tity of these castings on band, considerable time is saved in fabri¬ 
cating the tools. It is only necessary to drill a hole through the 
hub {B of Fig. 1) for the insertion of the screw, and a pin hole 
(G of Fig. 1) is drilled at right angles in order to fasten the handle 
to the screw. It will be noted that a chart is shown which gives 
sizes of hand knobs from 2^" diameter up to 4" diameter. 

The knob shown in Fig. 1 is smooth. This is used for jobs 
where not much pressure is required to lock the part in the jig or 
fixture. Another standard form of hand knob is the one shown in 
Fig. 2. This type is used on jigs and fixtures where a cutting com 
pound is used and where the operator’s hand might be slippery. 
These indentations furnish a good grip on the hand knob. 

Fig. 3 is a larger size used for jigs and fixtures where consider¬ 
able pressure might be required. Fig. 4 is a sdll larger hand knob 
permitting the operator to get a firmer grip. 

In conjunction with hand knobs, standards have been worked 
out on the knob screws. Fig. 5. These generally are arranged so 
that they can be made in quantities and are available for immediate 
use in the toolroom. This saves designing time and also consider¬ 
able time in the shop in fabricating the tools. Note that tiiere is a 
chart showing all dimensions and these screws are arranged so they 
can take care of the various sizes of hand knobs regularly used. 
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Handwheels. In Fig. 6 is shown a handwheel. These are used 
extensively on jigs, fixtures, special machines, etc. A standard has 
been worked out on these handwheels, and patterns are maintained 
in the shop so that castings can readily be obtained and machined 
for use when required for installations on jigs, fixtures, etc. The 
chart gives the various diameters and other necessary dimensions. 



Fi*. 6 


By having a standard of this kind, considerable time is saved in 
designing, due to the fact that in the list of specifications the number 
of the handwheel is mentioned and this eliminates the necessity of 
drawing out the handwheel in detail and dimensioning it. 

Fig. 7 illustrates another type of handwheel. This one is de¬ 
signed for one size only. Variations of this could be made and a 
chart laid out to show the range of sizes used in the average plant. 

Handwheel Handles. Each handwheel should have a handle 
attached to it to facilitate operation. Fig. 8 illustrates a standard 
handle and this can be made up in various sizes to suit requirements. 
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Jig Feet When designing small jigs (either tiie leaf or box 
type) made out of cast iron, it is usually good practice to insert 
hardened and ground jig feet. These will prevent wearing of the 
body of the jig and preserve its accuracy over a long period. Fig. 9 
illustrates the type of jrg foot that is in common use. This is made 
out of tool steel and hardened to resist wear. Various sizes can be 
established, depending on the needs of the individual plant. 

Rest Pins. These are used extensively in designing jigs and 
fixtures. They are usually put in jigs where the surface is not ma¬ 
chined, It is only necessary to drill and spotface to obtain a true 
surface and then insert a rest pin. These can either be ground after 
insertion, or the surface may be machined to a definite limit before 
the insertion of the rest pin. Fig. 10 illustrates a standarci rest pin 
with a chart accompanying the design to show the variations in sizes. 

Rest Pads. On some types of jigs and fixtures it is preferable 
to use a rest pad instead of a pin. Fig. 11 illustrates a type of rest 
pad that is readily adapted to a wide variety of jobs. This is made 
out of a low-carbon steel and is pack-hardened and ground. Various 
sizes of these can be standardized so as to fit the requirements of 
most of the jobs in the plant. 

Locator Pins. In designing jigs and fixtures for parts that must 
be lopated in definite relation to mating parts (such as covers for 
speed-reducer housings, top and bottom halves of centrifugal pump 
housings, etc.) it is necessary to use locator pins. These pins are 
placed in the jig or fixture so that they will hold the casting in the 
proper position in the fixture for subsequent machining operations. 
Fig. 12 illustrates the type of locator pin in general use, with an 
accompanying chart to show the variations in sizes. 

In conjunction with round locator pins a relieved form of lo¬ 
cator pin. Fig. 13, is also used. The reason for the relief on this 
type of pin is due to the fact that it permits the part to have some 
play in the jig or fixture without interfering with alignment. This 
type of pin also permits ready removal of the part from the jig 
or fixture. A chart accompanies this to show the variations in sizes. 

Fig. 14 illustrates a design of round locator pin with all dimen¬ 
sions detailed. Fig. 15 illustrates a flatted or relieved locating pin 
and shows drawings with dimensions for each size. This could be 
used to establish a standards table such as shown in Fig. 13. 
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Keys. All milling fixtures must have keys attached to the 
bottom of the fixture to fit in the T slots of the milling machine 
table. This permits the definite location of the fixture on the milling 
machine table in relation to the arbor and the cutters. Fig. 16 shows 
standards that have been worked out to take care of three different 
sizes. This form of key is in common use. However, Fig. 17 illus¬ 
trates five sizes of milling fixture keys and these are made out of 
square drill rod. This is a very simple form and is widely used 
throughout the industry. There are a number of other sizes of keys 
used in making tools and these are also shown in Fig. 17. 

Studs. In designing jigs and fixtures it becomes necessary in 
many instances to use studs for attaching clamps and other parts 
to jigs and fixtures. Therefore, standards have been worked out. 
Fig. 18 illustrates a standard form of stud. Another type of stud 
that is generally used on jigs, fixtures, special machines, etc., is 
shown in Fig. 19. This chart shows the variations in sizes that can 
be adopted as a definite standard, and the tool designer should try 
to stay within these specifications. 

Dowel Phis. In designing jigs, fixtures, or special machines 
where a great many detail parts are assembled and in some partic¬ 
ular cases where unit assembly is necessary, removable pilot pins 
are desirable. Fig. 20 illustrates a form of removable dowel pin. 
These are generally made from drill rod and are hardened and 
ground. A thread is cut on the large end and the dowel pin is driven 
in the same way as the regular type of pin. In order to withdraw 
the pin easily, a nut is screwed on the threaded end of the pin and 
the pressure applied allows withdrawal of the pin from the part. 
In some instances it would be impossible to drive out the dowel 
pin from the other side of the work. Two sizes are shown in Fig. 20; 
other sizes could be standardized if desired. 

T Screws. In designing leaf-type jigs it is necessary to use 
some means for locking the leaf or jig plate to the jig body after the 
work has been inserted. Therefore T screws. Fig. 21, are in general 
use. A standard similar to the one shown on the chart accompanying 
Fig. 21 has been worked out in some plants. 

Eyebolts. On some types of leaf jigs it is necessary to have 
an eyebolt that is attached to a bracket that is either cast integral 
with the jig body or, in case of the built-up jig, made of steel plates. 
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The bracket would be attached by means of welding or screws. 
These eyebolts hold the jig leaf in place by the use of a knurled 
hand nut or a thumbscrew, depending on the size. The eyebolts are 
shown on Fig. 22 and the chart shows the various sizes that could 
be standardized to facilitate design. 

Another type of eyebolt, Fig. 23, has been adopted as standard 
in some plants where the type of work requires extra length. A 
chart accompanies this illustration to show the variation in sizes. 

Drill-Thru Locator Pins. In a great many plants it is neces¬ 
sary to drill pin or screw holes at right angles to a bore in order to 
fasten the pulley, collar or stop on a shaft. Therefore, locator pins 
that are attached to angle plates have been designed to handle these 
jobs. In these drill-thru locator pins, Fig. 24, the smaller sizes have 
a carefully drilled hole with a countersink in it to permit the en¬ 
trance of a drill to the guide hole. The larger sizes are designed so 
that a hardened and ground drill bushing can be inserted. The 
chart accompanies Fig. 24 to show the possibilities of standardiza¬ 
tion on an item of this kind. 

Seat Washers. When attaching clamps t6 jigs and fixtures, 
particularly where the clamp is acting on an unfinished surface, it 
is desirable to have a spherical seat in the clamp in order tfiat a 
spherical seat washer can be used to take care of any misalignment. 
Fig. 25 shows the design of several sizes. There are many other 
applications of these spherical seat washers on floating and equal¬ 
izing clamps. 

Clamps. These have a wide variety of uses on jigs and fixtures. 
Many different types of clamps are designed to do particular jobs; 
that is, to hold the work securely in the jig or fixture to prevent 
movement of the part being machined. The most common type is 
the plain clamp. Fig. 26. These are usually made of mild steel, 
S.A.E. 1020, then carburized and hardened. The clamp illustrated 
in Fig. 26 is made of 1040 steel, heat-treated to give it toughness, 
and the end where it comes in contact with the work is given a 
coating of Stellite to resist abrasion caused by constant use. Note 
that both sides of the end of this type of clamp have been given a 
coating of Stellite so that the clamp can be used on either side, or 
when one side becomes worn the other side can be used without re¬ 
moving the clamp from the jig or fixture. The chart shows the 
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various sizes that can be adapted to the needs of the particular 
plant in which they would be used. 

Fig. 27, with chart, shows a larger size of the same clamp shown 
in Fig. 26, but on the larger sizes two heels may be attached to the 
rear end of the clamp. This permits a 3-point bearing to equalize 
the clamping action. 

Clamp heels, Fig. 28, are used with the clamp shown in Fig. 27. 
This is good design and construction. Cam clamps. Fig. 29, have a 
wide use on jigs and fixtures. Note that each one of these clamps 
has been given a number; this saves time in designing jigs and fix¬ 
tures, as it is only necessary to refer to the number of the particular 
clamp desired; it is not necessary to make a drawing, especially 
when the tools are being fabricated in the company's plant. A set 
of standard sheets are on file in the tool room, and these can be 
referred to when it is necessary to make up these clamps. Another 
good feature is that, when there is not much work in the tool room, 
apprentice boys can make these various standard items so they will 
be available when it is necessary to build jigs and fixtures for pro¬ 
duction. 

Clamp cams. Fig. 30, are designed in a variety of types. The 
one illustrated shows the type of clamp cam that can be used in 
conjunction with the clamps illustrated by Fig. 29. Note that this 
clamp cam can be operated from either right or left instead of one 
direction as is sometimes the case. The chart shows the way these 
clamp cams have been standardized. 

A clamp and cam clamp of another type are illustrated in Fig. 
31. This shows the assembly and the specifications that can be 
placed on the tool drawing for the guidance of the toolmaker. Detail 
29 , the clamp, is dimensioned to suit the needs of the particular 
job. Note that this clamp is forged to make the heel integral with 
the clamp. Fig. 32 illustrates the dimensions of a cam. 

Another type of cam assembly, Fig. 33, shows a straight clamp 
with a slot in the rear end for attaching the cam clamp, with speci¬ 
fications that are placed on the drawing for guidance of the tool 
room in making this clamp. The clamp itself, detail 27 , is dimen¬ 
sioned to suit the needs of the jig or fixture on which it is to be 
used. The cam. Fig. 34, has detailed information as to dimensions, 
layout of the cam section, etc. This cuts down the designing time. 
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STANDARDIZED PARTS 26 

particulBrly when a plant is hiring new men, as this information is 

readily available on the standard sheets. 

Cam clamps, as shown in Fig. 35, are used in conjunction with 
sliding vees to locate work properly in the jig and fixture. This type 
of cam is very generally used, and farther on in this book the use of 
these clamping cams will be further illustrated. Fig. 36 shows the 
detailed information on this type of cam; the dimensions given here 
can be changed to suit the needs of individual plants. 

Fig. 37 is a larger type of cam clamp, also to be used with a 
sliding vee or to clamp a part directly in a jig or fixture. The cam 
itself is usually made out of mild steel, S.A.E. 1020, carburized and 
hardened to resist abrasion due to constant wear. After hardening, 
the center hole is lapped to permit the insertion of a bushing. Fig. 38 
illustrates the details of a cam. The sizes shown here can be changed 
to suit individual jobs. Fig. 39 shows the detailed information on 
eccentric bushings used in conjunction with the cam clamps as shown 
by Figs. 37 and 38. 

Cam Latches. On box jigs and certain types of fixtures it is 
necessary to use a cam latch. Fig. 40. This latch locks the jig leaf 
in place, or a separate swing plate on a fixture. It is very fast and 
positive in action. The cam latch is made out of S.A.E. 1020 and is 
cyanide-hardened to prevent wear. 

Stands. In designing indexing and turnover jigs, trunnion 
brackets or stands are used. In some plants the stand is usually 
designed individually to suit the needs of the particular job on hand. 
This is very expensive as it means a new pattern in each instance. 
However, in some plants it was found by analysis that standards 
could be adopted that would suit the needs of practically all re¬ 
quirements for indexing and txuuover jigs. Fig. 41 illustrates a 
stand with an 11" swing. A permanent pattern is made and a quan¬ 
tity of these stands are ordered from the foundry so as to be avail¬ 
able in the tool room when required. The design shown in Fig. 41 
is capable of wide use. Note on this drawing that in addition to 
the four bolt holes to fasten the stand on either end of the jig or 
fixture bsise, two %" reamed holes are included for dowel pins. This 
permits the accurate location of this stand at the proper position 
for the trunnions on the jig base. These stands are usually made of 
a gray iron casting. 
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Fig. 42 illustrates a stand with a IIW swing. This design is 
somewhat different from that shown in Fig. 42 and is used for much 
larger jigs and fixtures. These stands are sometimes termed 'pilot 
bushing brackets because in some boring operations it is necessary 



Fig. 43 


bo have pilot bushings on both sides of the fixture to guide the boring 
bar, particularly in accurate boring work where the fixture is de¬ 
signed so that the machine is used only for power, and all the neces¬ 
sary accuracy is built into the fixture and into the boring bar. 

Another variation in stands for indexing and turnover jigs is 
illustrated by Fig. 43. This has an 18" swing, and note that the arm 
4 and boss D are made loose on the pattern so they can readily be 
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removed to suit’the needs of the average job. This extra arm and 
boss could be used on the stand where it might be necessary to have 
additional indexing points or for support in the machining operation. 

Fig. 43A illustrates the use of these stands or trunnion brackets 
on a fixture for drilling various holes in a large gear. It will be 
noted that there are a number of loose parts to be used in this turn¬ 
over jig. This type of jig is used under a multiple-spindle drilling 
machine. Two pieces are drilled at one time, and, while this opera¬ 
tion is going on, the previously drilled pieces are unloaded and new 
pieces inserted for machining. A fixture of this type is very efficient, 
as it saves considerable time in loading, unloading and machining. 

Another type of stand is illustrated by Fig. 43B which shows 
an indexing jig. This jig has four indexing positions, and note that 
the four clamps are provided with handles for sliding the clamp in 
and out over the work. This jig is used on a radial drill for drilling 
a large housing. 

Angle Plates. In designing jigs and fixtures it is necessary at 
times to use angle plates. These are generally made out of cast iron, 
although there is a tendency today to use welded construction. In 
some plants a standard has been worked out on these angle plates. 
Fig. 44. In most plants a number of sizes shown in this illustration 
could be eliminated after an analysis was made of requirements; 
but it can be seen that there is an advantage in having a standard 
of this type, as it is only necessary to refer to the number of the 
angle plate required and it is available. Dimensions shown for these 
plates are the rough casting dimensions only, the finish required is 
generally indicated by the designer on the tool drawing. 

Tool Holders. Plants using turret lathes, special turning ma^ 
chines, and crankshaft lathes, require tool holders to hold large tool 
bits. Therefore, in some plants standards have been worked out. 
Fig. 45 illustrates a forming tool holder for grooving crankshafts. 
Fig. 46 illustrates another type of standard tool holder for a %" 
square tool bit. 

In designing tools for turret lathes, it is sometimes necessary to 
have tool holders for making a cut at right angles. Fig. 47 illustrates 
a standard tool holder for this type of job. Fig. 48 illustrates a 
standard tool holder for a %" square tool bit. This type of tool 
holder is very simple and can be made readily in the shop’s tool 
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Fig 43B. Index Jig Supported by Stands 
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room. Fig. 49 illustrates an offset tool holder for a square tool 
bit. A similar type of tool, but for a %" square tool bit, Fig. 50, 
illustrates the possibility of standardizing tools of this kind. 

Fig. 51 shows a standard holder for a double grooving tool. 
This construction is somewhat similar to that used on spring collets, 
inasmuch as the holder itself is slotted and has sufficient spring so 
that the grooving tool is held securely in the holder when the screws 
are tightened. Fig. 52 is a holder for a single grooving tool. This 
tool is practically identical with the one shown on Fig. 51 except 
for the thickness. 

Qages. High-speed production and interchangeable manufac¬ 
turing naturally call for the wide use of gages. Today it is possible 
to buy a wide variety of standard gages from manufacturers who 
specialize on them. Certain plants require gages that are more 
readily adapted to their production or are cheaper than what can 
be purchased. Also there is the question of durability. By a process 
of evolution, certain types of gages have become standard in some 
plants. Since it would be impossible to show all these various types 
in a book of this kind, some of the most generally used standard 
gages are illustrated. In these drawings note that the various dimen¬ 
sions have been left blank. This is to permit the marking in of the 
dimensions needed for the job on which the gage is to be used. By 
having prints made in this manner, considerable designing time is 
saved. 

Fig. 53 illustrates a depth gage and the gaging points are marked 
with a G on the line (this also denotes ground finish) and ^‘go’^ and 
^^no go” are shown in their respective locations. By having such a 
standard, a wide variety of jobs can be accommodated with a single 
design of this type. Fig. 54 shows a flat plug gage which can be 
made at small expense. They are generally used by the operators 
at the machines. 

Fig. 56 illustrates a single plug gage. This type can also be used 
for checking the depth of a blind hole. Length gages. Fig. 56, are 
made of welded construction and the gaging points are tipped with 
Stellite for wear purposes. Certain dimensions are left blank so that 
this one design of gage can be used for a wide variety of jobs. Fig. 
67 illustrates a double-end snap gage. This is a very simple form 
of gage and is generally given to the operator for use at a machine. 
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Fig. 57 
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For plt^ gt^es of large diameter, a design similar to Fig. 58 is 
used. This type of gage is much cheaper than a solid round plug 
gage of similar dimensions. On jobs of smaller diameter, a fiat plug 
gage with a handle, Fig. 59, is widely used. The design shown is also 
an inexpensive type of “go” and “no go” gage, with a step provided 
for indicating the proper dimensions. By leaving the dimensions 
blank on the tracing, a blueprint can be made and the required 
dimensions inserted in ink. In this manner designing of individual 
fiat plug gages is avoided. 

Boring Bars. These are extensively used in metal manufactur¬ 
ing, and a number of manufacturers specialize in items of this kind. 
However, certain plants have their own type of boring bar, partic¬ 
ularly plants where the tool room is not kept busy making new tools. 

Fig. 60 illustrates a standard type of boring bar that has been 
developed in a plant for special requirements. This type of bar is 
generally used where production is low and where a more expensive 
type of boring bar would not be required. The slot construction is 
very simple and two methods of holding the cutter in place are 
shown. These bars are not in general use, due to the fact that the 
cutters themselves are made out of solid high-speed steel, and unless 
there is a great variety of boring jobs it is evident that as soon as 
the cutter becomes vwn it must be scrapped unless it can be ground 
down to a smaller size and used for smaller jobs. The design shown 
in Fig. 60 can be used on any length of bar, and as many slots as 
necessary can be put into the bar to suit the needs of the particular 
job. The design of locking device shown on the right-hand side of 
this drawing can be used to good advantage only on the end of the 
bar. The construction on the left-hand side of the drawing, showing 
the cutter inserted in the slot and held in place by a drive-pin or 
wedge, is used on the intersections of the bar. 

Boring Bar Cutters. Fig. 61 illustrates various types of stand¬ 
ard cutters used with the boring bar shown in Fig. 60. These cut¬ 
ters are all made of high-speed steel and the particular type of high¬ 
speed steel is specified on the tool drawing. 

Punches and Dies. There are many plants that do a consider¬ 
able amount of punch-press w^)ife4»4^ricating articles. In some of 
these plants it has been tS^tipliiardize on round and square 

punches. This works to a. majority of jobs. Of cotvse 
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manufactured standard punches and dies are widely used in many 
plants. Fig. 62 illustrates a standard form of punch. This drawing 
shows the standard for punches up to 1" in diameter and another 
standard for punches from 1" to 2" in diameter. Adoption of a 



THICKNESS OF STOCK •INCHES 


ABO^E FICOBES SHOULD BE INCBEASEO FOR HARO ROLLED STEEL 
AND DECREASED FOR SOFT STOCK. THIN BRASS AND STEEL ARE 
VSUALLr PUNCHED WITHOUT CLEARANCE 


LEAVE AT LEAST 95 % OF THE MATERIAL THICKNESS 
BETWEEN EDGE OF SHEET AND PUNCH 


PUNCH AND Dte 
CLEAPANCe 

Fig. 64 

standard of this type makes it eas}* for the tool room to build up a 
supply of standard punches and saves considerable time in the tool 
designing department. 

Standard dies have also been worked out in some plants. These 
are oommonly termed button dies. The design shown in Fig. 63 is 
the simplest possible form, and about the cheapest. On standard 
punches and dies, certain types of steel have become standard for 
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tiie kiad of metal that is to be pmcbed. This is also true of the beat 
treatment on certain types of steel for punches and dies. Owing to 
the wide variation, it is impossible to present all this data. 

In conjunction with the use of standard punches and dies a 
chart has been worked out, Fig. 64, showing the required clearance 
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Fig. 65. Data Sheet for Use on Die Work 


for various thicknesses of stock. These standards are not absolute, 
only approximate. They are the result of experience on punch op¬ 
erations in one plant. The amount of clearance between the punch 
and die sometimes has to be determined by a cut-and-try method. 
For the guidance of tool designers on die work, a standard data 
sheet, Fig. 66, is generally made up showing all necessary data to 
enable them to design dies properly. This chart gives the dimensions 
that are so necessary in designing dies for particular types of punch 
presses. Such sheets can be worked out to cover all the various 
types of presses available in the plant. 

Tool Bits. In some types of metal manufacturing, it is neces¬ 
sary to use a considerable number of cutting tools, particularly tool 
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bite for use in engine lathes, shapers, planers, special automatic tun¬ 
ing machines, etc. By constant efforts certain standards have been 
worked out on standard forms and sizes of tool bits, particularly 
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since the introduction of Tungsten Carbide. Fig. 66 illustrates stand¬ 
ard facing tool bits made of Stellite, of high-speed steel, and with 
Tungsten Carbide tips. 

Fig. 67 illustrates standard turning tool bits made from Stellite, 
liigh-speed steel and with Tungsten Carbide tips. Fig. 68 shows 
standard boring tool bits. These also are made in Stellite, high¬ 
speed steel, and with Tungsten Carbide tips. Fig. 69 shows standard 
chamfering tool bits, made out of Stellite, high-speed steel, and 
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Tungsten Carbide tips. The single dimension, such as 

indicates that these tool bits are square. Fig. 70 is a chart 
worked out to show the various sizes and lengths that are regularly 
carried in stock in the plant. This enables the tool designer to pick 
out one of these standards in designing the necessary cutting tools 
and prevents excess inventory and the use of sizes that would not 
be readily obtainable. 

The various standards described in the preceding pages are not 
complete, due to the fact that there are many standards that have 
been developed and u^d by certain industries that would not be 
used in other plants in the metal-working industries. Therefore, 
only standards that are, or can be, used by the majority of the metal¬ 
working plants are shown. Any attempt to cover the standards for 
the entire metal-working industry would occupy entirely too much 
space in a book of this kind. 

QUIZ QUESTIONS 

1. What is the advantage of having patterns and keeping quantities of 
standard castings of hand knobs on hand? 

2. On what types of work are standard handwheels used? 

3. When designing jig feet for small jigs, why is it considered good 
practice to use an insert type that is hardened and ground? 

4. What is the general function of locator pins? 

5. What is the function of the thread that is cut on the large end of a 
standard dowel pin? 

6. What are some of the design and material features of each .of the 
clamps illustrated by Figs. 26, 27, 28, and 29? 

7. What are some of the design and material features of the various 
clamps illustrated in Figs. 31, 32, 33, 34, 35, 36, and 37? 

8. What is the advantage of having standard designs for trunnion 
brackets or stands? 

9. What are some of the special features of the stand illustrated in 
Fig. 43? 

10. What is the special function of each of the standard tool holders 
illustrated in Figs. 48 and 51 ? 

11. What type of work in msmufacturing calls for a wide use of gages? 

12. What is the special use of each of the gages illustrated in Figs. 53, 
58, and 59? 

13. On what type of work is the boring bar illustrated in Fig. 60 used? 

14. What is the special value of a standard data sheet giving the clearance 
and other data for punch presses? 
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In the early days of the metal-working industry very few stand¬ 
ard tools or items were available. Most plants made all required tools 
in their own shop or, in the event they lacked equipment to do so, 
the plant would send the job to some other shop that could make 
the tool or article required. Naturally, each plant had its own re¬ 
quirements to be satisfied and would furnish a sketch or a drawing 
giving the specifications of the article required. The result was that 
no two items of similar nature were alike. For example, bolts and 
nuts used by one plant in the manufacture of their product would 
not fit a similar article made by another company, notwithstanding 
the fact that the sizes of the bolts and nuts were supposed to be 
the same. Of course some manufacturers deliberately made their 
sizes different so that the customer would have to buy replacements 
from them. This was a mistaken policy, because the customer often 
would make the replacement part in his shop instead of purchasing 
it from the original manufacturer. This condition has improved 
due to the efforts of the engineering societies and the federal govern¬ 
ment, and in large part to the common sense and good judgment of 
the manufacturers themselves. 

The demands of high-production industries for various standard 
items that could be obtained at reasonable prices has led to the de¬ 
velopment of many of these items. It also has led to the establish¬ 
ment of plants that have specialized in the manufacture of standard 
products that could be sold to the consumer plants. By specializing 
in the manufacture of certain items (for example, die sets), these 
can be made olieaper and better than the individual plants could 
make them in their own tool rooms. 

Among some of the first commercial tools were milling cutters, 
twist drills, taps, dies, hacksaw blades, files, etc. When these items 
were first put on the market they varied greatly in size and type. 
However, due to standardization programs, the number of sizes, 
types, and specifications have been reduced, and most of these 
manufacturers have organized associations within their own groups. 
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All this has made it possible for the consumer companies to buy 
products at fair prices and at the same time have the assurance 
that these items will be within certain definite commercial limits. 

Today it is possible to buy several %"-13 thread taps from as 
many different manufacturers, and the holes that would be tapped 
with these several taps would all fit standard bolts made by other 
manufacturers. This would have been impossible a few years ago. 

Drill Bushings. In tool-designing departments drill bushings 
are probably the articles of commercial manufacture most frequently 
used. In the old days each plant and individual tool designer had 
different ideas as to outside diameter, inside diameter, and length. 
In addition there were various designs of this item in general use. 
This was very expensive, as the drill bushing usually had to be 
made in the plant in very small quantities. Consequently when a 
drill bushing became worn and had to be replaced in the jig, it 
meant that the bushing would have to be pressed out of the jig 
plate and the dimensions of the drill bushing carefully checked so 
that a similar one could be made in the tool room. This would cause 
considerable delay in production because the drill jig would be out 
of service until a new bushing could be completed and fitted to the 
drill jig. With commercial bushings available today, a slip renew¬ 
able bushing can be inserted in the drill jig in about one minute 
and the jig put into production immediately. 

Most of these commercial bushings are furnished with an allow¬ 
ance for grinding on the outside diameter. This allowance is ap¬ 
proximately .015" so that in the event any error occurred in the 
boring of the jig plate it could be corrected by allowing for this 
error in grinding the drill bushings to the finished size. However, 
if the customer prefers, these bushings can be furnished ground to 
definite dimensions. 

The commercial drill bushings available today are manufac¬ 
tured by several companies, and all are made to conform to specifica¬ 
tions of the American Standards Association. These commercial drill 
bushings are made in six different types as follows: 

Plain Renewable Bushings, These are used in liners for high- 
production operation and are quickly removable. They are furnished 
as standard in six lengths and are adapted to three types of locking 
methods in the jig plate. 


88 



COMMERCIAL STANDARDS 


3 


Slip Renewable Knurled Head Bushings, These are used in liners 
for multiple operation in the same jig, and are furnished standard 
with two different locking methods. They are made in six lengths 
to suit the needs of the particular jig in which they are to be used. 

Shoulder or Head Type Liner Bushings, These liner bushings are 
recommended for general use wherever possible. The shoulder design 
prevents the liners from being forced into the jig plate, particularly 
on cast-iron jigs. This type of liner is also best adapted for use with 
knurled head slip bushings. 

Plain or Headless Type Liner Bushings. This type of liner bush¬ 
ing is generally used where it is necessary to have close distances 
and for flush mounting in jig plates without the necessity of surface 
machining or counterboring the top of the jig plate when made of 
cast iron. 

Head Press Fit Bushings, When a comparatively small number 
of parts are to be produced in a jig and it is estimated that the 
replacement of bushings will not be necessary, this type of bushing 
is generally used. They are usually not removable and are intended 
to last for the life of the jig. 

Headless Press Fit Bushings, These are used on limited produc¬ 
tion jobs, especially where center-to-center distance of adjacent 
bushings is so close that it would not permit room for the head 
press fit type of bushing; also where flush mounting of bushings 
in jig plates is desired. These bushings are used where it is only 
necessary to press the bushing directly into the jig plate. In using 
this type of bushmg it is not necessary to machine the surface of 
the jig plate. 

Clamp Locks. These are regularly manufactured in two types; 
that is, flat and round end clamps. They are used to lock the bush¬ 
ings securely into the liners. These clamps are generally used on 
jigs that are used for heavy drilling of steel and steel alloys where 
the chips would be stringy and might force the drill bushing out 
of the liner. The lock prevents the bushing from riding up the drill. 

Lock Screws* These screws lock the bushing into the liner. 
They are generally used when the drilling operation is light and 
there will not be much pressure against the drill bushing due to chips. 

The various types of drill and liner bushings, also clamps and 
lock screws, are shown in Fig. 1. These are the types that are most 
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used in the designing of jigs. On certain jobs it might be necessary 
to design a special drill or reaming bushing in order to be able to 
accomplish certain definite purposes, but the tool designer should 
keep in mind that it is usually best to avoid the use of special bush¬ 
ings. In some instances it is possible to use standard bushings by 
making slight alterations (usually by grinding) in the tool room. 

Slip Renewable Bushings. Fig. 2 illustrates a slip renewable 
bushing and gives a chart showing the various sizes in which these 
bushings can be obtained. This type of bushing is used where it is 
desirable to drill and ream a hole in a part without removing the 



Fig. 1. Standard Drill Bushings, i. Locating Pin; 2 , Ix>cating 
Retainer; Relieved Locating Pin; Flat Clamp, 5 , Lock Screw, 
6 ^ Round End Clamp; 7, Shoulder Liner; 8 , Flam Renewable 
Bushing, .9, sup Renewable Bushing, 10 , Head Prc«*‘)-Fit Bu'ilung 
11 , Headless Liiur 

Courtesy of Universal Engineering Co , t tnnkt nninth, Michigan 


part from the jig It i'^ used with a liner bushing and if, for example, 
it is necessary to drill and ream a hole in a part to .500", a slip 
renewable drill bushing of inside diameter should‘be used. 

After drilling, the diameter drill bushing would be removed 

from the liner, and a slip renewable reamer bushing with a .500" 
dimension inside would be used for the reaming operation. The slip 
renewable bushing is also used for very accurate drilling where it 
would be necessary to change the bushing frequently, due to wear 
caused by the rotating action of the drill. 

The various ways in which drill bushings are mounted in drill 
jigs are shown by Fig. 3. This illustration is self-explanatory. In 
addition to these methods, it is sometimes necessary to weld a handle 
on a shoulder-type bushing so as to permit its ready removal from 


90 




Fig. 2 

Cotirte9y of Universal Engineering Co., Frankenmuth, Michigan 


the jig, particularly when it is dangerous for the operator to use 
his fingers because the drill press is running and the drills might 
cause personal injury. 
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There are many additional special adaptions of standard drill 
bushings that can be incorporated into drill jigs; for example, sup¬ 
pose that two holes must be drilled with very close center distances, 
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Fig. 3. Installation Layout of Universal Standard Drill Bushings 
Courtesy of Univeraal Enoineerxng Co , Frankenmuth, Michigan 


and upon checking the dimensions of the standard drill bushing it 
is apparent that the wall thickness of the bushings will not permit 
the insertion of a standard bushing in the jig plate so as to obtain 
the close dimensions required of the drilled holes. A condition of 
this kind can sometimes be overcome by grinding flutes on each of 
the two bushings. This permits the bushings to be inserted in a 
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jig plate and thus a closer center distance can be obtained than 
could be had by using the bushings in their standard form. 

Locating Pins and Retainers. In designing certain types of jigs 
and fixtures it is necessary to use locating pins and retainers. The 
pins are regularly furnished in two types, the round and relieved. 
They are used when it is necessary to locate a part in a jig and 
fixture in definite relation to certain previously machined surfaces 
or previously drilled holes. It is desirable to locate the part- from 
a hole that has been drilled and reamed, so that there will be an 
accurate fit in the jig. The relieved pin is used in conjunction with 
the round type so as to permit a certain amount of play by the 
part, in the jig or fixture, particularly when the fit of the reamed 
hole is held very close. 

Use of the locator retainer is somewhat similar to that of a 
drill bushing. In designing a jig that would use a locator retainer, 
the hole is accurately located and carefully bored. Then the outside 
diameter of the locator retainer is ground to fit this bored hole in 
the jig or fixture. The inside diameter of the locator retainer is 
ground to fit the shoulder of the locating pin. The locator retainer 
has a threaded section on the bottom so that the locating pin may 
be screwed into the threaded section, thus fastening it to the jig 
or fixture in the proper location. The threads on the locating pins 
and the locator retainer are ground to definite tolerances' so that 
the fit will be very accurate and so as to provide a concentricity 
between the locator pin and the retainer. 

Fig. 4 illustrates two types of locating pins, retainers, and a 
chart showing the sizes that can be obtained readily. Therefore in 
designing jigs and fixtures all the tool designer needs to do is to 
insert in the specifications the diameter and style of locator pin 
or retainer required, and usually the name of the manufacturer is 
also put into the specification box on the tool drawing. Use of com¬ 
mercial items of this kind eliminates a considerable amount of 
designing time and effects a saving. 

Rest Buttons. These are also commercially made and are illus¬ 
trated in Fig. 4. They are designed to be used in conjunction with 
a locator retainer on jigs and fixtures where the design calls for a 
means of resting the part so as to obtain a proper support. In using 
the type illustrated in Fig. 4 it is necessary to drill and counterbore 



8 


TOOL DESIGN 


the particular section of the jig or fixture at the point where tiie 
rest button is going to be used. The siurounding surface can be 
left as is. These rest buttons are usually hardened to prevent wear. 
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In the section on jigs and fixtures the use of the rest button is further 
described. 


CLAMPS AND CLAMPING METHODS 

The designing of jigs and fixtures calls for the use of clamps to 
hold the work securely while the machining operations are being 
performed. The use of the proper type of clamp applied at the 
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correct point often determines whether the jig or fixture is properly 
designed for the job. 

In the average plant where definite standards have not been 
adopted, the tool designer usually designs the clamps. This means 
that all types are to be found on jigs and fixtures. This condition 
has resulted in trouble and expense, because sometimes the clamps 
are too weak or are not properly designed for the work and allow 
the part to move in the jig or fixture. 

The selection of the right type and size of clamps is so important 
that the tool designer should give it careful consideration. He should 
make sure that the clamp has suflBcient strength and that it is in 
the most accessible position. 

A manufacturer, realizing the difficulties the average plant has 
had in obtaining the correct types of clamps for tools, has developed 
a number of standard designs in various sizes that are suitable for 
most of the jigs and fixtures used in plants. By using these standard 
clamps, considerable designing time can be saved, because the manu¬ 
facturer of these clamps furnishes catalog sheets that can be used 
as templates under the tracing paper, thus permitting the tool de¬ 
signer to select the proper type and size of clamp and trace it on 
the tool drawing. 

Standard Clamps. Fig. 5 illustrates the use of standard clamps 
and jig and fixture details. It will be noted that this milling fixture 
has seventeen details in the stock list; of these, eight are standard 
catalog parts, thus permitting a considerable saving in designing 
time, and cutting down the time required in the tool room to build 
a fixture of this type. The saving in cost must also be given con¬ 
sideration, as it is possible to purchase these standard parts cheaper 
than they can be built in the plant tool room. 

Clamps with Springs. Fig. 6 shows a clamp that is widely used 
on various types of jigs and fixtures. It is furnished in three lengths.. 
The clamp washers and clamp rest are hardened, the stud is alloy 
steel heat treated for toughness, and the hand knob is made of steel. 
There is a coil spring underneath the clamp so that the clamp springs 
away from the work when the hand knob is loosened, permitting 
the rapid removal of the work from the jig or fixture. In addition, 
a small pin is inserted in the heel of the clamp so that it can be 
pushed forward on to the work or pulled back as the case may be. 
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Fig. 5. Clamps Shown on Milling Fixture with Standard Parts 
Courtesy of Siewek Tod Company, Femdaie, MichiftiT^ 




















Fiff. i>. Clamp with Bprins Fig. 7. Clamp with Lock Nuts and with Hand Knob in the Heel 

Figt. 6 and 7, Courtcty of Sicivek Tool Company^ Fcrndalc, Michigan 
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Spherical washers are used between the knob and the clamp itself, 
so that the pressure of the clamp can be equalized on the work in 
the jig or fixture. These clamps are furnished in sizes to suit the 
needs of most of the jigs and fixtures commonly used. 

The clamp shown in Fig. 7 is somewhat similar to that shown 
in Fig. 6, but it is capable of a wider range of adjustment than is 
provided in the previously described clamp. The clamp rest is a 
different type, being mounted on the base of the jig or fixture. The 
clamp itself is fastened to the fixture by means of a stud that has 
a spherical washer with two lock nuts. This permits proper ad¬ 
justment for height for the work being done in the jig or fixture. 
The hand knob is put into the heel of the clamp, and the knob is 
used for sliding the clamp in or out over the work. Gonsideiable 
pressure can be applied with a clamp of this type, due to the loca¬ 
tion of +he fulcrum point. The clamp washers and clamp rest are 
hardened, the studs arc alloy steel heat treated, and the hand knob 
is made of steel. 

Note that the size of clamp shown is furnished in three standard 
lengths. The figure shows only one ^4"-20 tapped hole for locating 
the clamp rest in position on the jig or fixture, but usually two holes 
and two hollow-head set screws are used. These clamps are furnished 
in a range of sizes suitable for most jobs. 

Clamps with Cam Handles. Where fast operation is required 
of a clamp, a cam clamp, Fig. 8, is generally used. This clamp is 
somewhat similar to that described in Fig. 6, but it is operated by 
means of a cam handle. This permits rapid clamping, since it is 
necessary only to push the clamp itself in over the work and pull 
down the cam handle to clamp the work securely in position. These 
are furnished in various sizes, but due to their cost they are most 
generally used on high-production jobs where the tioor-to-floor time 
is important. 

Clamps Operated by Roller Type Cams. On some types of 
jigs and fixtures it is necessary to have a means of operating a 
clamp on the outer portion or side of a jig so as to prevent inter¬ 
ference with the cutting tools. When this condition is encountered, 
a cam clamp similar to Fig. 9 is used. This cam clamp is controlled 
by a roller type cam that is operated by a lever located on the side 
of the jig or fixture. This clamping method is also used where 
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ftp?. 8 and 9f Courtesy of Sieuek Tool Company, Ferndile, Michigan 
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production runs are high and the saving in floor-to-floor time would 
affect the ultimate costs. This type of clamp is furnished in various 
sizes and lengths to suit the needs of a great many jobs. 

Jack Locks. To position work in a jig and fixture prior to 
clamping, it is often necessary to use a jack lock. This item has 
now been standardized and can be purchased in various sizes. Fig. 
10 illustrates a detail and a typical application in a fixture. 


W.874 H 





Fig. 10. Jack Lock and Typical Application 
Courtesy of Siewek Tool Company, Ferndale, Michigan 


Clamps of Minimum Height. On a great many milling fixtures 
it is necessary to provide clamps that can be held to a minimum 
height and still get considerable pressure to hold the work securely. 
When a condition of this kind is encountered, clamps similar to Fig. 
11 are used. This clamp is fastened to the stud by means of an acorn 
nut which can be tightened by a wrench. These clamps are fur¬ 
nished in various sizes to suit the needs of most jobs. 
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"5 

Swinging Clamps. Oa small types of work, particularly cast¬ 
ings such as cover plates and other thin-wall castings that are 
irregular in form, it is necessary to use swinging clamps that can 
readily be moved out of the way to permit the removal of work 



Fig. 11. Clamp of Minimum Height 
Courtesy of Siewek Tool Company^ Femddle, Michigan 


from the jig or fixture. On jobs of this kind, clamps similar to 
Fig. 12 are often used. These can be mounted in a jig or fixture so 
that they may be swung quickly to one side to permit rapid removal 
of the work from the jig or fixture. 

Another type of swinging clamp which is used on large milling 
fixtures, or sometimes in the planer, is shown by Fig. 13. This clamp 
is designed so that it can be used in places where other types of 
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clamps would cause interference. It is mounted in a stud and there 
is a spring under the clamp itself. It is fastened by means of an 
acorn nut which is tightened with a wrench. When the work is to 
be removed, the acorn nut is loosened and the clamp section is 
swung to one side so as to permit ready removal of the work. 


STANDARDIZED DRILL JIGS 



Courtesy of The Cleveland UniverealJig Co.^ Cleveland, Ohio 


For a number of years the design of jigs varied according to the 
individual plants. Sometimes several different types of jigs would 
be used on identical parts. Some of these designs were good, but 
most of them were totally unsuited to the job. Usually the most 
complicated jigs were the ones that caused the most trouble. The 
need for standardization on drill jigs had been apparent in indus¬ 
try for many years, but up to some twenty years ago nothing very 
much was done along this line. 
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Jj^ Dimensions, Inches 
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No. 20 

No. 20 

No. 20 

No. 20 

No. 30 


Fig. 15 

Courtesy of The Cleveland Universal Jig Co., Cleveland^ Ohio 


Rack and Pinion Type Jigs. Due to increasing demands, 
standardized jigs were developed and manufactured. Fig. 14 illus¬ 
trates one of these, a rack and pinion type. The top plate is raised 
and lowered by means of racks milled on the post, and the top plate 
is locked by means of a toggle lock. This type of jig is manufac¬ 
tured in a number of sizes that were developed by stud 3 dng the 
needs of the majority of metal-working plants. Any number of 
parts of approximately the same over-all size can be machined in 
this same jig by changing the top plates and the lower adapter 
which is mounted in the base of the jig. By using this type of jig 
considerable designing time is saved, and a large saving is effected 
by making the jig itself in the tool room. 

An outstanding advantage of this type of jig is the saving in 
loading and unloading time, provided the jig is properly tooled; 
that is, if the adapters are so designed that the part can be put 
in and taken out of the jig with a minimum loss of time. On the 
average job that would be suitable for a jig of this type, the load¬ 
ing and unloading time is approximately five seconds. 
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Fig. 14 illustrates this jig with the important dimensions let¬ 
tered, and Fig. 15 is & chart giving the various dimensions. By means 
of these dimension sheets the right size of jig can be selected for 
the job. 




CRAOUATiO 
s^tn ?C4ie 


Fig 17, Two Shaft Drilling Jigs Aboto, Standard Jig for Dnllwig Shafts. 
Below, Jig for Drilling Two or More HoUMn t Sh ift in ()ne Stt-up 
Courtesy of The Clndand Lnntr'>al Jiy Co , ( lev land Ohio 


Top Plates for Jigs. Various types ut top plates have beeu 
developed to suit the needs of a majority of plants and these are 
illustrated in Fig. 16. 

Jigs for Drilling Shafts. To drill holes in shafts sometimes 
offers a problem to the tool designer, particularly when there are 
various diameters of shafts; usually it has meant the designing of 
individual jigs for each shaft. Due to the difficulty of having the 
drill locate exactly in the center of the shaft, and to prevent run 
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out of tile drill, it is necessary to bring the bushing down close to 
the top of the shaft. A standard design of shaft drilling jig is illus¬ 
trated by Fig. 17. With a jig of this type a stationary V block 
would be provided, and also a sliding V. An adjustable work stop 
is provided on the rear end of the jig so that the distance of the 
hole from the end of the shaft can be accurately held. Rest buttons 
are placed underneath the top plate of the jig so that the height 
of the drill bushing to the top of the shaft can be located in such 
a manner as ]to prevent the run-out of the drill. By means of a 
jig of this kind, various sizes of V blocks can be interchanged 
and an extra liner-bushing can be put into the top plate, permitting 
a number of drill bushings to be used so as to give a variety in the 
size of holes to be drilled in shafts. These jigs are furnished in 
several sizes so as to accommodate various diameters of shafts. 

Another adaptation of this shaft drilling jig is the one with two 
smaller jigs on each end of a base, these being adjustable length¬ 
wise, thus permitting two or more holes to be drilled in the shaft 
at the proper location. A hardened steel scale is mounted on the 
jig base, measuring any center distance desired within the range of 
the jig. On some production jobs five or more of these small jigs 
are mounted on the one base and used on multiple-spindle drill 
presses, permitting the drilling of all holes in the sliaft at one time. 
Innumerable combinations of this type of tool can be used, depend¬ 
ing on the ingenuity of the tool designer. The various sizes and 
dimensions of these shaft drilling jigs are shown in Fig. 18. 

Drill Jigs for Housings. In designing drill jigs for housings of 
various sorts that have flanged holes and where one side of the 
(tasting is machined, it is sometimes necessary to locate the work 
from the machined surfa(*e on the lower part of the bushing plate 
in a jig. In some cases it would be possible to drill parts of this 
kind in a jig by locating the machined surface on the bottom por¬ 
tion of the jig; but where the height of the casting is such that it 
would necessitate the use of extra length drills, it is usually desirable 
to locate this machined surface of the housing, or a similar part, 
on the underside of the bushing plate. Therefore, a jig similar to 
Fig. 19 was developed to permit handling work of this kind. The 
jig illustrated consists of a cast-iron base, carefully bored to take 
a plunger. This plunger is operated up and down by means of a 
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pinion shaft which is operated by a lever and locked in place by 
the toggle lock located on the side of the jig. The top plate is held 
in place by means of four posts at the corners of the base, and is 
fastened by means of hexagon nuts. 



The locators to position the work properly in the jig are placed 
on the under side of the top plate. In some instances where holes 
have already been drilled in the work, the locators can be put into 
the lower adapter. The top plate has an accurately bored hole 
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Fig. 19. DimennoxiB of Drill Jig for Housings 
Courtesy of The Cleveland Universal Jig Co,^ Clevdandt Ohio 


ously described, is capable of handling any number of pieces of the 
same over-all length in the one jig by simply changing top plates 
and lower adapters. 

Fig. 19 shows this type of jig with the important dimensions 
lettered. Fig. 20 is a dimension sheet showing the number of sises 
and the dimensions that are necessary to enable the designer to 
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select the proper size of jig for the work on hand. Fig. 21 is a chart 
showing types and sizes of top plates available for this jig. 

Fig. 22 shows the application of two Type A and two Type B 
jigs (sec Figs. 14 and 15 and Figs. 19 and 20) for drilling, reaming, 
hollow-milling and spotfacing lawn mower frames. The work is 
moved from one jig to the other very rapidly. The loading and 
unloading time in a setup of this kind requires only a few seconds. 
This is a high-production job, so special tooling can be used because 


Jig Dimensions, Inches 



the cost of machining each piece would be very low in view of the 
quantities produced. 

On high-production jobs such as automotive work, standard¬ 
ized drill jigs are used in conjunction with index tables with mul¬ 
tiple-spindle drill presses. Fig. 23 illustrates three standardized 
drill jigs mounted on an index table tooled to drill, ream and counter¬ 
sink five holes in a wheel hub. The operations are as follows: 
first, load the piece; second, index the table and drill five holes; 
third, ream and countersink five holes. The cutting tools are made 
in combination, performing the reaming and countersinking opera¬ 
tion at one time. The table is then indexed to the loading position, 
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the work is removed, and a new piece is inserted. After the first 
pass of the drill head, a part is completed at each index. 

In plants that run only a comparatively small number of parts 
vt one time, these standard jigs have proved to be very efficient 
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Both water rim typo and plain type top plates are made by the manufacturer, and the 
above dimensions are for both. 


Fig. 21. Top Plates for Jigs 

Courtesy of The Cleveland Universal Jig Co., Clexdand, Ohio 


due to the fact that one of the jig bases can be mounted on the drill 
press table, and tlie top plate and lower adapter may be interchanged 
very rapidly for a large number of jobs. In addition, if a change 
is made in the design of the part, it is not necessary to scrap the 
entire jig, as in many cases the adapter could readily be changed 
to meet the needs of the new part, and the top plate itself could 
be plugged and the bushing holes relocated to suit the new design. 
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This type of jig lias become widely used during the past sev¬ 
eral years due to the saving in designing and building time. Of 
course they cannot be used on all jobs, but where they can be 
adapted they offer many outstanding advantages. 



'Fig. 22. Four-Spindlc Drill Pn?s,s Etiuipped with Four Standardized Drill Jigs Tooled to 
Drill, llcuni, Hollow-iiiill, and Spotface Lawn Mower Frames 
Courtesu of The Clerclatul Universal Jig Co., Cleveland, Ohio 


Automatic Locks. On large work where it is necessary to de¬ 
sign jigs and fixtures in order to obtain interchangeability and low 
cost, it is necessary to have some means of positioning the castings 
in the jigs or fixtures; also, positive locking means must be pro¬ 
vided. Formerly this was accomplished by means of levers, or 
screws with a handwheel attached in order to obtain the required 
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pressure. These methods were slow and in some cases very incon¬ 
venient. Therefore, an automatic lock was developed to take the 
place of various other means of positioning large work in jigs and 



Fig. 23. Multiple-Spindle Drill Press Equipped with Index Table Having Three 
Standard Drill Jigs 

Courtesy of The Cleveland Unxvereal Jxg Co ^ Clerelandt Oh%o 


fixtures. This lock is designed so that it can operate jack screws 
for raising large work into position, or lock the work against a 
definite stop. It is also used on conventional types of jigs and 
fixtures to hold work in proper position. 
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Fig. 24 describes a lock of this type and shows a detailed draw¬ 
ing and the various sizes and dimensions. The operation of the lock 
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Automatic Locks 


LOCK SHAFT 
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SHAFT IN JIG 



Fig. 24. Details, Sizes aud Dimensions for Automatic Locks 
Courtesy of The Cleveland Universal Jig Co., Cleveland, Ohio 


is as follows: The shaft (i) which is to be alternately rotated and 
stopped, has a spider (3) keyed on by a Woodruff key (£). The 
spider has three mechanism recesses (J4) which contain the lock- 
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ing mechanism. Operating disc (S) is freely mounted on shaft (1), 
and has three prongs reaching into the mechanism recesses { 14 ) • 
The rounded ends of the toggle link (4) fit into contact shoe 
(5) and toggle seat {13). Through steel ball (6), a spring (7) forces 
the contact shoe (5) against the housing (P). 

By looking at the drawing, it can readily be seen that the 
shaft (!) cannot rotate in the direction of the arrow because con- 



Llg 25 Special Fixture Equipped with Automatic Lock for Machining Center Section of 

Axle Housing 

Courtesy of The Chxcland Utmenal Jig Co , ( Uxtland, Ohio 


tact shoe with toggle link (4) is jammed against the housing, 
holding spider (5) in place. The shaft is positively locked at all 
times until operating disc (8) is moved. 

Operating disc (8) with operating handle (12) controls the 
movements of shaft (1). If the operating disc is turned to the left, 
the prongs of the disc will rest on the spider (as shown) and rotate 
shaft (1) in the opposite direction, shown by arrow. By rotating 
the operating disc to the right, the prongs push the contact shoes 
against the spider and rotate the shaft in the direction of the arrow. 

These locks have almost unlimited application on various types 
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of jigs and fixtures. Fig. 25 illustrates an application of these locks 
on a large fixture for machining the center section of the cast steel 
truck axle housing. In this fixture the location is taken off the end 
bores and the part is squared by locating jacks in the center of the 
fixture. This also squares the part on the finished boss. The center 
section of this housing is faced both top and bottom. The facing 
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Fig. 26 

Courtesy of The Cleveland Universal Jig Co.^ Cleveland, Ohio 


head is lifted high enough to clear while the work is reversed for 
facing on the opposite side. This axle housing is revolved by means 
of a worm-gear attachment, shown in the extreme right-hand side 
of the illustration. 

In some of the large tractor plants, locks of this type are used 
in conjunction with loading mechanisms, particularly on transmis¬ 
sion housings where these parts are machined on several sides by 
means of multiple-spindle drill heads. Due to the weight of the 
transmission housings, it is necessary to move these pieces from one 
station of the machine to the other by means of a roller conveyor; 
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The dimensions shown in Column C are for low style tables, those in colunm C* arc for 
high style tables 

Fig 27 

CourUvu of The Cleveland Univereal Jxg Co , Cleveland, Ohw 
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then they are pu?he<l into position and raised to the proper heigh^ 
by means of these automatic locks; then located in the jig for the 
drilling operation. This saves considerable manual labor and is less 
fatiguing to the operator. 

Cam Locks. Another type of lock that has come into general 
use during the past few years is a cam lock. These locks arc used 
on all types of jig« and fixtures for clamping and positioning the 
work. Cam locks are of very simple construction, are easy in op- 



Fig 28. Index Table with Four Jigs, Used with Multiple- 
Spindle Drill Press 


Courtesy of The Cleveland Universal Jig Co., Cleieland, Ohio 


oration, and are readily adaptable to any type of jig and fixture 
requiring quick and powerful clamping facilities. They contain only 
two moving parts, the clamping plunger and a cam to operate it. 
The cam is hardened and ground and operates between hardened 
and ground surfaces of the plunger. Fig. 26 illustrates these cam 
locks and gives a chart showing the sizes regularly furnished. 

Index Tables. Index tables have come into considerable use on 
liigh-production jobs, particularly where they can be used under 
multiple drill presses. By mounting tw'o or more jigs on an index 
table it is possible to step up production considerably, as different 
groups of holes can be drilled in the same piece part by indexing 
the jigs from one position under the spindles to another. 
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Fig, 27 illustrates an index table that has just been developed 
for use on drill presses, milling machines, or boring mills. These 
tables are regularly furnished in sizes from 8" to 48" and are made 
in the plain and water-rim types. This latter is used where it is 
necessary to provide a lubricant or coolant for the cutting tools. 
This type of index table rotates very freely, as it is located on pre¬ 
cision rollers which are guided by a retainer ring and are run on 
hardened and ground races. 

For milling; machines, these index tables are furnished with a 
locking mechanism for holding the table top firmly on the base, 
thus eliminating vibration. For use on drill presses this locking 
mechanism is not required. 

These index tables can be provided with as many index positions 
as are required. The common practice is to put approximately 3 
to 4 stations on one of these index tables, depending on the size, 
having one station as a loading and unloading station. Fig. 28 
shows one of these index tables with four cam-operated fixtures to 
be used in a multiple-spindle drill press. 

DIE SETS AND ACCESSORIES 

For a great many years the majority of metal manufacturing 
plants which used dies on their production, designed and built their 
own die sets. This was a very expensive process because in many 
instances only a few dies were built at a time. The lack of standards 
meant that a great number of patterns accumulated; for, every time 
it was necessary to design a die, new patterns would have to be 
built in order to obtain castings for the punch and die holder. Of 
course in some of the larger plants some attempts were made at 
standardization, and patterns were altered to suit the needs of the 
particular job. In the event a new puncli press was ordered, it was 
often found that the old dies would not fit in the new press until 
extensive alterations had been made. This went on for some time, 
until it became apparent ihul die sets of better quality would have 
to be obtained. A great many dies were made without leader pins 
and due to the demands of high production it was found necessary 
to incorporate leader pins and bushings in die sets to obtain proper 
alignment in setting up the die in the punch press. 

Another factor that caused a change to better quality and more 
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accurate die sets was the development of stampings for parts to 
replace castings that were formerly used. In many instances stamp¬ 
ings were considerably cheaper and lighter than castings. In addi¬ 
tion, the speed with which these stamped parts could be produced 
on a punch press, and their low cost, made it imperative to develop 
ways and means of standardizing die sets. At. the present time the 
majority of metal manufacturing plants using dies on their own 
production, purchase die sets from one of the several manufacturers 
of these items. It is now possible to obtain, from the manufacturer's 
stock, practically every size and type of die set required by the 
average metal working plant. Their catalogs list all of these sizes 
with dimensions, enabling the tool designer to choose instantly the 
size and type of die set covering the particular die he is going to 
design. On some of the very large dies, the die sets are fabricated 
from tank plate by means of the cutting torch, and the leader pins 
and guide bushings are then purchased from the die set manufacturer 
Die Sets. Fig. 29 illustrates a few of the several types of die 
•^ets that are standard. These can be obtained in semisteel, which is 
a mixture of steel and cast iron. Usually 20% to 25% steel scrap 
is contained in the analysis of semisteel. The steel die sets are usually 
made from forged steel or from tank plate. 

Fig. 30 presents a drawing of a standard back post die set and 
gives the general dimensions of several sizes. These dies sets are 
assembled complete with guide post and bushing, the latter being 
hardened, ground and lapped. In the event it would be necessary 
to have larger or longer guide posts and bushings, these can also be 
furnished at a slight additional cost over the standard price. The 
trend today is toward steel die sets because they are lighter and 
stronger than those made of cast iron or semistecl. 

In using a die set, the tool designer specifies the diameter of 
the punch shank, over-all length of the guid^ post, and the type of 
bushings desired. On the die sets shown in Fig. 30 the punch shanks 
can be obtained in the following sizes: 

diameter x 2%" long 

diameter x 2^^" long 

2" diameter x 2%" long 

21/^" diameter x 2%" long 

3" diameter x 2%" long 
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or special shanks can be furnished at a nominal extra charge; or, 
in the event the punch holder is to be fastened directly to the ram 
of the punch set, these sets can be obtained without the punch shank 
The thickness of the punch and die holders can be increased if it 
is desired, but the sizes that are regularly listed in the catalog can 
be obtained immediately from the manufacturer'^’ stock. 



Scmibtccl ax»d AU-Stex 1 

Fig 29. Tjpical Standard Die Sets 
Courtesy of Danly Machine Specialties, Inc , Chicago, III 


Fig. 31 illustrates a few of the several other types of die set^ 
made which permit a wide choice. The four-post die sets are gener¬ 
ally used in conjunction with dies that are designed for heavy-duty 
work, or where extreme accuracy is required and it would be neces¬ 
sary to make sure that the punch section of the die was in perfect 
alignment with the die section. On heavy work there is always a pos¬ 
sibility of a punch being forced to one side or the other, which would 
cause difficulty because if the punch it^^elf should come in contact 


121 



standard Back Post Sets 




SP^Cdrr rypc or ausHtw 


/■srearr dul amp 


1 

miKss 

rMorsMtAOr 

mmm 

HM 

mi 

IHM 


rtHB'i 

rs 

n» 

ns 

■1 

m 


sp£c/ry iSMOW^ 
or l£Aae/f MMfS 


Die Space 

Dia 

Thickness 











Left 

to 

Right 

Front 

to 

Back 

For 

Round 

Dies 

Die 

Holder 

Punch 

Holder 




General Dimtnsions Inches 



A 

B 

Du 

I 

K 

C 

D 

1 

1 

G 

M 

N 

0 

R 

s 




1^2 

1’4 

IM 

2 k 












6^ 

7 

2U 

Ik 

Ik 

2k 

6»4 

7k 

3k 

Ik 

7 k 

10 k 

4k6 

1 

10k 

13 k 




2h 

Ik 
Ik 
2k 1 








1 






1 ‘2 

Ik ! 

Ik 

2k 












8 

8^2 

> 

2«2 

Ik 

Ik 

2k 

Ik 

Ik 

2k 

8 k 

7k 

4*16 

Ik 

9Vi6 

lok 

5k 

1 

10 k 

13 k 

8H 

11 


IH 

Ik 

2k 

Ilk 

10 k 

! 

5k 


12 k 

13k 


Ik 

10 k 

13 k 



Ik 

2k 

1 k 

7^ 16 

10 



iH 

Ik 

Ik 

4k6 

9k 

2k 


4k 

12J4 

3k 

Ik 

12k 

14k 


2 

IH 

1*2 




1^2 

Ik 

Ik 











10 



2 

Ik 

Ik 


9k 

3Vi6 


L 2 

12J.4 

4>k6 

Ik 

12k 

14 k 




2^ 

Ik 

Ik 






f 








IH 

Ik 

2k 











10 

en 


2K 

li 

7ki, 

9k 

3»/i« 

I’w 

8 

12k 

5k6 

Ik 

12 ji 

14 k 




2H 

2k 












Fig 30 

Courtesy of Danly Machine Speetaltiee, Inc , Chicago^ III 
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^ Combination Diagonal-Post Set E Special Set 

Fig 31 Typical Large Sermsteel Die Sets 
Caurtesy of Dardy Machine SpectaUiee, Inc , Chicago, III 
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with the die block (both of these being hardened) one or the other 
would be broken. 

On some jobs, particularly where it would be necessary to 
punch and notch, angle-iron long, narrow, back posts sets are used. 
This type of die set is often used in a press brake instead of a 
pimch press for fabricating long parts that may be pierced, notched 
or formed. 

Bolster Plates. In many plants using dies for their regular 
production, bolster plates for the one punch press are sometimes 



isivc/rrl/t ]e\'c Infk \r‘\e\Af\i/\ c 

h- jy/r MD sffAPe TO swr Neias - spcarv NtcessAPr omehsions -^ 

Fig. 32. Dimension Chart for Bolster Plates 
L ourtefy of Danly Machine Specialties, Inc., Chicago, III. 

necessary due to the design and construction of dies. They are now 
furnished as standard, and various sizes can be obtained* readily 
from the manufacturer of die sets and accessories. These can be 
obtained either in cast iron or steel. Various size holes can be 
cast or cut into these bolster plates bi suit the needs of the job on 
which they are to be used. 

Fig. 32 shows a dimension chart of these bolster plates. In 
ordering a plate, the tool designer makes a layout similar to what 
is shown in Fig. 32 and puts in the necessary dimensions. 

Shoulder Guide Posts and Guide-Post Bushings. Where it is 
desirable to design and build die sets in the plant in order to accom¬ 
modate some special job, standard guide posts and guide-post bush- 
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CovrtMy of DarUy liaehiM Spedaltteot Ine., Chicayo, III. 


ings are furnished in a wide variety of sizes. Fig 33 illustrates these 
items and presents a chart showing some of the sizes in which they 
are regularly obtainable. There are several additional types of guide 
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Socket Head Stripper Bolt Fillister Head Stripper Bolt 



Fillister Head Stripper Bolts 



Fig. 34 

Courtesy of Danly Machine Specialties, Inc., Chicago, III. 
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posts and guide-post bushings which are to be found in the manu- 
facturers^ catalogs. 

Stripper Plates. In designing and building dies it is necessary 
to provide strippers in order to pull the material being punched or 
formed off the punches. A stripper plate is used and this is fastened 
to the punch holder by means of stripper bolts. 

Stripper Bolts. This is a bolt with a thread and a shoulder so 
that springs can be put over the body of the bolt that is used to 
hold the stripper plate to the punch holder. Stripper bolts were 
formerly made in the average plant tool room and were quite 
expensive. They now can be obtained at approximately one-half 
that cost from the manufacturers of die sets and accessories. 

Fig. 34 illustrates two types of stripper bolts; one is a socket 
head type and the other a standard fillister head type. The charts 
show the various sizes in which these can be regularly furnished. 



Fig. 35. Die Spring of Round Spring Stock 
Courtesy of DarUy Machine Specialties, Inc., Chicago, III. 

Die Springs. To strip work from punches and to form work 
on pressure pads, springs are necessary. These are furnished in nu¬ 
merous types, the spring stock being either round, flat or square. 
Fig. 35 shows a die spring of round spring stock. These springs 
are also furnished in medium pressure high deflection or high pres¬ 
sure medium deflection. The development of metal stamping in in¬ 
dustry has required a wide range of springs to suit the need. Die 
springs must be of high quality to meet the requirements in the 
severe service that they undergo in punch-press operations. There¬ 
fore it is important to select the proper pressure of spring in order 
that the die may function properly. The manufacturer's catalog 
completely illustrates the various ranges, sizes, and types of springs 
that can be obtained from their stock. Therefore one of these 
catalogs is an essential part of the equipment of the tool designer 
engaged in designing dies. 
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C ourteny of Dardy Machine Spectaltie't, Inc , Chicago, III 


Dowel Pins. In designing and building dies, tools, jigs, fix¬ 
tures, etc, a great many dowel pins are used to locate the various 
parts in proper relation to each other. Formerly, dowel pins were 
made in the average tool room from drill rod; in some instances 
these were hardened and oftentimes some distortion would take 
place during the hardening, causing trouble in assembling parts on 
tools and dies. Today, dowel pins in practically the entire range 
of sizes that would ordinarily be required in the plant tool room 
can be obtained from manufacturers of this item. Fig. 36 illustrates 
standard dowel pins and gives the sizes in which they can regu¬ 
larly be obtained. These are hardened and ground to insure close 
accuracy. They are furnished in both standard sizes and in over¬ 
size to .001" to insure a drive fit or for use where it is necessary 
to use an oversize dowel pin on repair work or to renew parts. 
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Autoniatic Stodc Feed Stops. In designing and building dies, 
it is often necessary to include stops for the material that is being 
punched or stamped. Automatic stock feed stops, Fig. 37, are widely 
used en some types of blanking operations to automatically stop 



Fig. 37. Automatic Stock Feed Stop 
Courtesy of Danly Machine Spedaltieet Inc., Chicayo, III. 


the stock in the correct position just prior to piercing, shearing, or 
blanking operations. These automatic stops speed production, re¬ 
duce waste of materials, and eliminate considerable spoilage that 
might be due to carelessness or poor judgment. These automatic 
?tops are designed so that they can easily be applied to almost any 
type of‘blanking die, whether it is a simple, progressive, or com¬ 
pound die. The wearing parts on these stops are all hardened to 
resist wear. 

In the illustration it will be noted that the operator feeds the 
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stock against the gage pin, which has considerable play in the bole 
in which it is located. The set screw in the punch holder strikes 
the lever, lifting tlie gage pin so that it clears the stock. This pin 
lies on top of the stock during the down stroke of the press. As 
the punch shears from the stock on the upstroke, the stock is free 
to be fed forward, the gage pin drops back into the hole that has 
just been blanked, and the stock will come to a stop as it was in 
the original position. With one of these automatic stops on a die, 
it is only necessary for the operator to feed the stock forward with 
a steady pressure. 

Other forms of stops are designed and used for dies. These are 
illustrated in the section of this book on die design. 

There are a number of standard products which cannot be 
illustrated or described in a book of this kind due to space limita¬ 
tions. The items in the preceding pages are to serve as a guide for 
the student tool designer >o that he can incorporate some of the 
various standard items in the tools he will be called upon to design. 
As previously mentioned, a complete file of manufacturers^ catalogs 
will also greatly assist the tool designer in his job. All this will be 
the means of enabling him to produce better and cheaper tools, to 
say nothing of the time saved in designing. 

A study of trade magazines i*^ one very good way for the tool 
designer to keep up to date; not only should the various articles 
in these trade magazines be read, but a careful analysis should be 
made of the advertising page^, which are a constant source of 
information. By investigating the new items that are being put on 
the market by reputable manufacturers, and in some cases trying 
to use these new items in the tools he is designing, the tool designer 
can increase his knowledge of tools and improve his position. The 
employee who has initiative and ability is seldom unemployed. The 
tool designer who keeps his mind open to new ideas and is willing 
to progress has every opportunity to advance in his chosen work. 
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QUIZ QUESTIONS 

1. Name some of the first types of standard tools that were pwduced 
by commercial concerns for the convenience of the tool industry, 

2. Name the six t 3 ^pes of commercial drill bushings. 

3. On what types of jobs are commercial clamp locks used? 

4. On what type of job are slip renewable bushings used? 

5. In selecting clamps for a job, what two considerations should the 
designer keep in mind? 

6. On what type of production job is a clamp using a roller type 
cam used? 

7. When the clamping operation is held to a minimum height, what are 
some of the special features that are developed in the design of clamps? 

8. On what type of work are swinging clamps used? 

9. What are some of the advantages of using a commercial type of rack 
and pinion jig? 

10. On what t 3 rpe 8 of work are automatic locks used? 

11. What is the advantage of using index tables on certain types of work? 

12. When ordering a commercial die set, what are the essential specifica¬ 
tions the tool designer must make? 

13. When dowel pins were made in the average tool room, what were 
some of the difficulties this type of pin caused? 

14. On what type of work are automatic stock feed stops used? 

15. How can the tool designer keep up to date in the development of 
I is work? 
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VERTICAL MILLING MACHINE WITH PROFILE MILLING FIXTURE 
MOUNTED ON THE TABLE 

('ourtesy of Cincinnati Milling Machinery Co., Cincinnati, Ohio 




CUTTING TOOLS 

At the present time the designing of metal cutting tools offers 
many problems to the tool designer, due to the wide variety of 
metals in general use in metalworking plants. Therefore, numerous 
factors must be given careful consideration before cutting tools can 
be designed. Among these factors are: the part to be machined, 
the material to be used, the number required, and the type and size 
of machine tool to be used for machining the part. 

After the tool designer has learned these facts, it is necessary 
for him to decide what type of cutting tool he should design and 
what material should be used in the tool. For example, if the piece 
part is to be machined in a drill press, the tool designer chooses 
the type of cutting tool on the basis of the material from which 
the piece part is to be made, and on the machining operations that 
will be necessary to produce the part. If the part is to be made 
from cast iron, the cutting tool can be made of high-speed steel; or 
if the quantity of parts to be produced is large, the cutting tool may 
be made with a tungsten carbide tip in order to machine these parts 
economically. However, this does not apply in all cases because, if 
a casting is used, bad scale condition in the piece part might make 
it necessary on low-production jobs to choose tools tipped with 
tungsten carbide. It might also be the case that the piece part 
would be designed so that an intermittent cut would be required. 
This means that there would be openings in the bore, and of course 
the cutting tool would not be in contact with metal at these open¬ 
ings. A condition of this kind often prevents the use of tungsten 
carbide, as it does not stand shocks as well as high-speed steel. 

The tool designer therefore must exercise good judgment in the 
selection of materials for the cutting tools. Consulting the foreman 
of the department where the part is to be machined will often help 
the tool designer to specify the correct material for the cutting tools. 
A study of tool manufacturers’ catalogs, and personal observration 
of cutting tools at work in the plant, will be of great assistance to 
the tool designer and add to the knowledge and experience so neces-: 
sary if he is to design cutting tools. 
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There are a large number of manufacturers of cutting tools 
whose products are in wide use in metal-manufacturing plants. 
These specialists are in most instances able to furnish better and 
cheaper tools than can be designed or built in the average metal¬ 
working plant. However, in many instances it becomes necessary 
to make a special cutting tool in order to accomplish some particu¬ 
lar operation. Therefore, it is well for the tool designer to have a 
thorough knowledge of available standard tools. The study of cat¬ 
alogs that show cutting tools will help the designer to know what 
is available and enable him to design special cutting tools which 
will obtain the best results for the job in question. 

Due to the development of machine tools, requirements for new 
types of cutting tools are almost unlimited in the metalworking in¬ 
dustry. It is therefore impossible to cover the entire range of cutting 
tools in a book of this kind, and no attempt will be made to describe 
and illustrate the entire range. 

BROACHES 

In modern production the use of broaches is constantly in¬ 
creasing by reason of the fact that broaching is the most efficient 
and economical way of machining certain parts; for example, a 
splined bore of a gear. If broaches were not available, the cost of 
putting splines in the bore of a gear would almost be prohibitive. 
The automotive and tractor industries have been largely responsible 
for the increased use of broaches at the present time. Many parts 
formerly machined by the use of milling machines and milling cut¬ 
ters are now done by broaching, as this latter method has proved 
faster, cheaper, and more accurate for machining certain types of 
jobs. 

Broaches are different from many other cutting tools in that 
the accuracy that is put in the broach will reproduce itself in or 
on the part to be machined. This is not true of most other types 
of cutting tools. 

There are two classes of broaching; namely, internal and ex¬ 
ternal. The broaching process was originally developed for internal 
use; that is, for changing the round hole in a piece of metal to a 
square hole or to some other shape, also for internal keyways in 
pulleys, gears and couplings. Through a process of development 
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broaches were designed for cutting internal gears, multiple splines, 
and for various other irregular shapes. There are two types of in¬ 
ternal broaches now being used; they are pull broaches and push 
broaches. 

Hydraulic Broaches. Fig. 1 illustrates a hydraulic broaching 
machine with a fixture attached. These fixtures are removable, in 
fact a great many broaching operations can be performed without 
the use of fixtures. This machine is dc«igned for the use of pull 
broaches. 



Fig 1. Hydraulic Honzontal Broaching Machine Showing Removable Fixture Attached 
Courtesy of Colonial Broach Company, Detroit, Michigan 


The process of broucliing consists of pulling or pushing a 
broaching bar through a piece of work by means of a power-driven 
horizontal or vertical broaching machine. In some cases a push 
broach can be used in a punch press. These broaches are consid¬ 
erably shorter than pull broaches and in many cases several push 
broaches are required to perform the operation that can be done 
with one pass of a pull broach; therefore pull broaches are used 
in the majority of high-production plants. 

Fig. 2 illustrates a double-spindle vertical hydiaulic broaching 
machine. This machine is equipped with fixtures for broaching 
automobile connecting rods and bearing caps. Pull broaches are 
used, but instead of pulling the broaches horizontally they are 
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drawn up past the work, completing the operation at each stroke. 

The broaching bar or broach, as it is commonly called, is 
generally made of high-speed steel machined to the desired shape 
and approximate size, allov/ance being made for grinding. After 



Fig. 2. Double-Spindle Vertital Hydraulic Broaching Machine 
Courtesy of Colonial Broach Company, Detroit, Michiynn 


this it is liardencd and drawn, then carefully ground to tlie required 
finished dimensions. 

Keyway Broaches. These broaches, Fig. 3, are probably the 
most generally used. In designing keyway broaches the length of 
work must be taken into consideration, also the material to be cut. 
This type of broach is used with a round, threaded adapter into 
which the broach is screwed. The adapter has an elongated slot 
so that it can be attached to the draw head of a broaching machine 


136 





CUTTING TOOLS 


by means of a Sat key. This permits rapid removal of the broach 
from the work after the keyway has been machined. 

Fig. 4 shows general information for designing key way broaches. 
As already stated, the length of the work is very important because 
it determines the pitch of the broach teeth or the distance from 
one cutting tooth to the other. The amount of material to be re¬ 
moved by the broach determines the cut per tooth; this is also a 
variable factor, as the type of material being broached often de¬ 
termines the amount of cut per tooth. The angle to which the 
broach tooth is ground also depends on the type of material to be 
broached. 


.53/ 


[LAST 4 TEETH 
STRAIGHT 



- 1 - C=3S -^ 


J/5 



A= 375 


B-soo 


Fir 3 Sp<?cial Keyway Broach 


Miscellaneous Broaches. Some of the various shapes of 
broaches are illustrated by Fig. 5. This table gives some of the 
lengths in which the keyway broaches arc regularly furnished and, 
as it is becoming common practice fo’’ a great many plants using 
broaches to design their own tools, a table of this kind will assist 
the tool designer to design broaches to the best advantage from 
the standpoint of cost. Certain diameters, widths, and lengths have 
been us(‘d for the basis for the design of the broaches, and these 
are shown in this table. 

The important thing for the tool designer to remember in de¬ 
signing broaches is that if the number of parts to be produced is 
large, it is well to specify this on his tool drawing so that the plant 
may order the entire number of broaches at one time, as the price 
of broaches is based on the quantity ordered; for example, the 
following are price groups, 1 to 2, 3 to 5, 6 to 11, 12 to 23. In other 
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Keyway Broaches — General Information 



A =The mean of the width of key way 
Lowest limit of slot in fixture—0.001 

C=F+4G+ 

D—Height of key way —J 

E=D-(.J+x)-.0l5 oTyj^~^+(D-r)-.015 (Take I'from Sheet No.) 

F * Length of fixture+5. Usually 10 inches = F 
G =See table below 
H —See table below 
J = Taken from fixture 

Number of Teeth Cutting at Once 

Usually not less than 3; 6 or 7 is maximum. 


Work 

Length, In. 

Dim. G, 

In. 


to 1 . 

.% to 


1 

tom . 

. 



to 2 . 

. Hto 

Jfi 

2 

to 23 ^. 

. Hto 

% 

2H 

to 3 . 

. Hto 

‘Hi 

3 

to 3^. 

.?ito 

‘Hi 


to 4 . 

.%to 


4 

to 5 . 

.J^to 

‘Hi 

5 

to 6 . 

.%to 

1 


Cut per Tooth 

Bound broaches, .002 on diameter 

Spline broaches, .004 to .005 on diameter 

Keyway broaches, .0035 to .006, depending on work material 

Broach Data 

Material: high-speed steel preferred 
Stamp: Part No., Dept. No., Dwg. No. 

Give Dim. A, By C, & E on order dwg.; Dim. A, B, Dy & E in decimals. 


Width A 

Vi 

hi 

1 H 

H 

H 

Thread. 

H-13 N.C. 2 

Ji-ll N.C. 2 


H-IO N.C. 2 

1-8 N.O. 2 


Fig. 4 
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words, 1 or 2 broaches are sold at a higher rate than 3 to 5 would 
be, etc. In the event a plant would use six broaches a year for a 


Data on Broaches 



4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
16 
16 

17 

18 

19 

20 
22 
24 
26 
28 
30 
33 
36 
39 
42 
46 
48 
61 


.260-.390 

.616 

.640 

.766 

.890 

1.016 

1.140 
1.266 
1.890 
1.616 

1.640 

1.765 

1.890 
2.016 

2.140 
2.266 
2.390 
2.615 

2.640 

2.765 

2.890 
3.015 




Dimensions shown on sketches below used to deter* 
mine diameters of stock. Must be figured at finish 
end of broach only. 


.265 

.390 

.515 

.640 

.766 

.890 

1.015 

1.140 

1.265 

1.390 

1.615 

1.640 

1.765 

1.890 

2.015 


.615 

.640 

.766 

.890 

1.015 

1.140 

1.265 

1.390 

1.515 

1.640 

1.766 

1.890 

2.015 


NOTE.-Round, 
spline, square, 
iMxagon, octagon. 
IserraticHi and oval 
broaches are priced 
in inch lengths. 
Minimum length 
used is 6*. Frac¬ 
tional lengths are 
I based on next full 
inch. Forinstanoe, 
a round broach 
ISK'loush priced 
as long. 


ROUND 




Above note 
applies also 
to hexagon 
and octagon 
broaches; 
also, serration 
broaches. 


HEXAGON 


OCTAGON 


use R.X 2 




ONE SPUNE 


TWO SPUnE 


OVAL 




a 


Use outside / 
diameter [ 



J 


ll 

i of all -"T 

inverted V 

spline 

broaches. ^**'''*^ 



INVERTED ONE SPLINE 
Fig. 5 


INVERTED TWO SPLINt 


certain job, it would be cheaper to buy these six at one time rather 
than place two orders for three each, as the larger order would re¬ 
sult in a considerable saving. 

The designing of spline broaches is somewhat complicated and 
most metalworking plants rely on the manufacturers of broaching 
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bars to furnish the correct design of spiine broach for the work 
they want machined. This is also true of external broaches. Some 
of these are made of solid high-speed steel, while others are made 
with inserted teeth similar to inserted-tooth milling cutters. There¬ 
fore, no attempt will be made in this book to illustrate and describe 
various types of spline and external broaches. 



Fig 6 External Broaching Operation on an Automobile Axle 
Courtesy of Colontal Bromh (omjHiny, Detroit Michigan 


Fig 6 illustrates an external broaching operation on an auto¬ 
mobile axle. It will be noted that both ends of this axle are being 
machined simultaneously. The parts are clamped by means of a 
hydraulic broaching fixture which automatically clamps the work 
for the broaching operation. 

External broaching has replaced milling operations on a great 
many jobs in the automotive industry. The main bearing bores of 
cylinder blocks are now machined by the use of special continuous 
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broaching machines which are designed so that broach sections are 
mounted on a continuous steel chain or belt similar to a conveyor 
These parts are fed into the machine and the broaches rapidly ma¬ 
chine in the sections desired. This is one reason why a great many 
manufacturers of milling machines and milling cutters are now man¬ 
ufacturing broaching machines and broaches. 

BORING CUTTING TOOLS 

Boring is probably one of the oldest principles of machine shop 
practice. In the early days of the metalworking industry it was 
common practice to make parts out of cast iron and core a great 
many of the holes that had to be machined. This was because drill¬ 
ing was usually a slow operation up until the time the two-flute 
twist drill was invented. The first boring tools consisted of a solid 
piece of tool steel with the front end bent over at an angle so as to 
permit clearance. They were usually made by the blacksmith and 
then the cutting edge was properly ground. These tools of course 
had their limitations, as only short lengths of work could be ma¬ 
chined. Then it was found that an ordinary round piece of steel 
could have a square or round slot put into it, a piece of tool steel 
could be inserted and held by means of a screw, and this would 
bore out to any depth required, depending on the length of the bar. 
This type of tool was known as a single-point boring bar. 

In designing boring bars there arc numerous factors that must 
be given careful consideration by the tool designer. These points 
are common to most types of boring bars; therefore, the designing 
of cutting tools used in conjunction with boring bars will be dis¬ 
cussed separately. 

The boring bar should be designed and constructed so as to 
be as rigid as possible; that is, the bar should be of sufficient 
diameter to overcome any tendency to spring away from the work 
when a cut is being taken. In some cases this rigidity can be se¬ 
cured by specifying a carburized and hardened boring bar, as this 
type is more rigid than a soft one. Boring bars should have pilots 
whenever conditions permit. Some work requires more than one 
pilot, in which case pilots are put on both front and rear; these 
to be as large in diameter as the design of the job will permit. The 
pilots also must be of sufficient length to guide the boring bar for 


141 



10 


TOOL DESIGN 


the entire length of cut, and should enter the guide bushings a 
reasonable distance before the cutting tools begin to operate. 

The most accurate boring is done by means of a boring fixture 
that has pilot or guide bushings on each end. These bushings must 
be long enough to guide the boring bar properly. It is considered 
good practice to design these bushings so that their length is one 
and one-half to two times the diameter of the boring bar. For 
example, if the diameter of the pilot sexjtions of a boring bar is 4", 
the pilot bushings should be 6" to 8" long. 

In using a fixture of this type the work to be bored is located 
and clamped in the fixture and the piloted boring bar is then in¬ 
serted in the bushings through the fixture. The machine tool that 
is to drive the boring bar has a floating chuck attached to the 
spindle to fit the shank end of the boring bar. This permits the 
boring bar to be independent of any misalignment between the 
machine tool spindle and the table. The guiding is all done by the 
pilot bushings in the fixture by means of a floating chuck driver 
between the machine tool spindle and the boring bar. The degree 
of accuracy that is designed and built into the boring fixture and 
boring bars will be reproduced in the work. In many cases boring 
bars can only be piloted on the front end. These pilots should be 
long enough to enter the guide bushing before the cutting tools 
start to operate, and should be of sufficient diameter to prevent 
any springing. 

It is desirable to harden the pilots of boring bars. In some 
instances this is not practical, and in this case pilots are equipped 
with wear strips of hardened and ground tool steel. Usually four 
strips are used that are attached to these pilots by means of screws. 
In other designs it is possible to provide hardened wearing surfaces 
on pilots of boring bars by means of welding, usually Stellite. This 
metal is put on the pilot of a boring bar by means of an acetylene 
torch and is then ground to the required diameter. 

Material for Boring Bars. The tool designer chooses the ma¬ 
terial for the boring bars, taking into consideration the job on which 
the boring bars are to be used, the amount of material to be re¬ 
moved from the work, the number of pieces to be made, and the 
design of the work itself. 

There are three general classifications of material for boring 
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bars as follows: soft, heat treated, and carburized and hardened 
steel. These steels are alloys and have the following characteristics. 

i. Soft Steel. This is high manganese chrome steel annealed 
to relieve all strains. It is used on unpiloted bars where the cutting 
load is not too heavy, and upon bars with pilots where the pro¬ 
duction quantities are not large. When fixtures are designed for 
use with a bar of this type, or where it is used in conjunction with 
the horizontal boring mill, the pilot bushings should be made of 
bronze or cast iron. 

Heat Treated, (a) Bars designed to be heat treated are 
usually made of .40% ,carbon high manganese chrome alloy steel, 
but not hardened. This heat treatment consists of heating to the 
required temperature and then quenching; the resulting hardness is 
approximately 29® to 31® Rockwell C. A steel of this type is used 
where the cutting load is somewhat greater than a soft bar could 
handle. A heat-treated bar resists wear over a longer period and 
the pilot bushings should be made of bronze or cast iron. 

(b) .50% carbon high manganese chrome alloy steel, heat 
treated but not hardened, gives a very desirable boring bar. This 
steel is of denser structure and is used for boring bars when the 
cutting conditions are severe. The physical properties are high and 
bars made from it can be subjected to heavy loads and severe tor¬ 
sional strains; it also withstands sudden shocks very well. The 
pilot bushings for use with a bar of this type should also be made 
of bronze or cast iron. 

S. Carburized and Hardened. Bars that are to be hardened 
and ground are made of low-carbon high manganese chrome alloy 
steel. The low carbon content permits this steel to absorb a dense 
layer of carbon on the surface. This results in a hard, uniform 
outer case, together with a tough fine-grained core to stand cutting 
shocks, and also provides a bar with considerable rigidity. One of 
the outstanding advantages of a carburized and hardened bar is 
that this method of heat treatment permits sections, where the 
cutting tools are to be inserted, to be left soft so that after the bar 
has been carburized these sections can be machined to remove the 
carbon. The bar is then heated again to the required temperature 
and quenched. Pilot bushings used in conjunction with bars of this 
type are made of steel and hardened to resist wear. 
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Standard Shanks for Boring Bars 


Mone Taper— Dimensions in Inches 





No. 

A 

B 

c 

D 

E 

F 

G 

Taper 
per Foot 

0 


214 

.240 

.356 



.235 

.625 

1 

2% 


.363 

.476 

% 


.343 

.600 

2 


2“/4 

.5525 

.700 

•4 



.602 

3 

sU 


.753 

.938 


»i« 


.602 

4 



.991 

1.231 



»!4 

.623 

5 



1.4395 

1.748 


H 


.630 

6 


8^ 

2.0635 

2.494 

H 


2 

.626 

7 

llH 


2.6841 

3.270 


IH 

2H 

.625 


Magic Chuck— Dimensions in Inches 



Shanks for Boring Bars. The design of the shank end of boring 
bars is often a matter of individual choice, depending on the ma¬ 
chine tool in which the bars are to be used. Most bars are designed 
with Morse taper shanks, although many are designed for use with 
various types of rapid-change chucks. A table of standard shanks 
for boring bars is shown by Figs. 7A and 7B. 

Many individual plants have their own design of shanks for 
boring bars. Some consist of a pin of sufficient diameter to drive 
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Standard Shanks for Boring Bars 

Wizard Chuck— Dimanalons In Inches 



Rapid Slip Chuck— Dimensions in Inches 



Fig. 7B 


the bar and are used in conjunction with a bayonet type chuck or 
driving mechanism. Others have a flat milled on the shank end of 
the bar and a simple chuck with two hollow-head setscrews set in 
the chuck at right angles to the shank. 

Designs for Boring Bars. There are various designs for bor¬ 
ing bars and the tool designer must consider all the factors con¬ 
cerning the job before beginning the design. The length of the work, 
the amount of travel in the cut, the decision as to whether or not 
a fixture is to be used, determine the design of the boring bar. Fig. 
8 illustrates some of these designs. In this illustration, bars are 
shown with and without pilots and with various types of shanks. 
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Description of Standard Designs 

Short stub bar with threaded socket to be used as an extension to 
the spindle or bar. Used principally for miscellaneous work. 

P and PP Unpiloted stub bar with one or more cutting units for use on engine 
lathes, turret lathes and drill presses. 

Q End bar with rear pilot only. Generally used upon work which is 

hxtuied to provide for rear pilot. Although shown with one cutting 
unit only, it may be provided with more for multiple cutting. 

R and RR Front piloted bar with one or more cutting units. Used upon tur¬ 
ret lathes and drill presses as a rule, but also upon fixtured work. 

S and SS Front and rear piloted bar to be used with fixtures which provide 
proper bearing locations. 

T and TT Engine lathe bar to be used between centers. Furnished with one 
or more cutting units. 

V and VV Front piloted bar for boring mill work to mount in the spincUe of 

the machine and pilot in the outboard bearing. Can be furnished 
with any number or location of cutting units. 

Y Multiple cutting line bar for fixtured work where a number of cuts 
are to be taken simultaneously and a number of bearing supports 
are provided. 

Z and ZZ Front and rear piloted bar for long work princip^ly upon boring 
mills, although extensively used for cylinder boring and reaming. 

FSs.8 
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In some instances it will be noted that bars are piloted front and 
rear, and in other types of bars it will be seen that there are two 
or more pilot sections on the bar as well as a multiplicity of cutting 
tools. In some instances bars are designed so that a cut is taken 
on the forward traverse of a boring machine spindle. After this 
section has been machined in the work, the tools are inserted in 
the forward end of the boring bar and a draw cut is taken on the 
reverse stroke of the boring machine spindle. There is no particular 




Fig 0 Single-Point Boring Bars 


design of boring bar that will be suitable for all jobs; however, 
there are in some cases two or more designs equally good. 

Single-Point Boring Bars. Fig. 9 illustrates various means for 
inserting the single-point tools into boring bars. They are still 
widely used on miscellaneous work for small production runs where 
the expense for other types of boring bars w’ould be too great for the 
job in question. They are also used on production jobs where 
crowded cutting conditions and lack of clearance exist. 

In the open-end type of single-point boring bar shown in Fig. 
9 at (A) the square hole is broached through the bar; it is either 
perpendicular to the axis or on an angle. The square hole is then 


147 





16 


TOOL DESIGN 


counterbored at-the rear end and threaded so that a heavy ad’- 
jiisting screw will back up the square tool bit, and a binding screw 
is placed at the side to lock the tool bit in position. These square 
holes should be broached to a standard size so as to permit the use 
of standard tool bits, these sizes being shown in the tool steel man¬ 
ufacturer's catalog. This is the simplest design of single-point 
boring tool. 

The closed-end type of single-point boring tool, shown in Fig. 
9 at (5) offers greater rigidity because the hole is broached only 
part way through the boring bar, then a smaller hole is drilled and 
tapped for the adjusting screw. This means that adjustment can 
be obtained on the square cutting tool bit and the tool bit is backed 
up very solidly. A design of this type is used frequently where a 
number of tool bits are required in the boring bar. 

Where the tool designer is confronted with conditions that are 
unusually severe for single-point boring bars of other types, a 
closed end supported type is desirable. This design, shown in Fig. 
9 at (C), is similar to the closed-end type shown at (B) except that 
a binding screw is put into the boring bar at right angles to the 
square tool bit. This is in addition to the binding screw that is 
used in the other two types. In every instance it is desirable to 
use socket-head setscrews for adjusting single-point boring tools, 
as these screws do not project beyond the diameter of the bar and 
therefore do not cause any interference with parts of the machine 
or the work; and their use removes the danger of screws being 
broken off m handling the bars. 

Single-point boring bars are used to a considerable extent in 
engine lathes and turret lathes, also in single-spindle drill presses, 
radial drill presses, and in horizontal and vertical boring mills. 
Fig. 10 illustrates the design and gives sizes of some of these single¬ 
point boring bars. 

A type of boring bar frequently used in turret lathes is shown 
in Fig. 11. It will be noted that this roughing boring bar at (A) is 
designed with a pilot on the front, which operates in a bushing in 
the turret lathe spindle. This bar has two inserted square tool bits, 
and in addition a flat high-speed steel blade is inserted near the 
shank end as a counterboring tool. Almost unlimited combinations 
of this type of tool can be designed and used for production jobs. 
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Single^Point Stub Bars 




Single-Point Cross-Slide Bars 



Bar Dia., In. 



Bar Dia., In. 

Bar Length, In. 

Sise of Tool Bit 

1 


»/ii' Sq. 


18 

H" Sq. 

IK 


Sq. 


18 

8* Sq. 



H'Sq. 

2H 

18 

8' Sq. 



H'Sq. 

3 

18 

Sq. 


HHOSIH 

H' Sq. 





Fig. 10 


The finishing boring bar shown in Fig. 11 at (B) also has two in¬ 
serted square tool bits. The purpose of these two tool bits is to 
maintain size. Most of the cut is taken by the first bit, the second 
tool bit taking up any inaccuracies that would be produced by 
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Fig. il. (A) Boring Bar for Rough Boring and Counterboring a Cast-Iron Stand; (B) Boring Bar for Finish Boring a Cast-Iron Stand 
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springing of the bar. This prevents frequent regrinding of the tool 
bits. 

Fig. 12 shows a different type of single-point boring bar with 
five square tool bits, together with a chamfering head with an in¬ 
serted blade for facing. These blades are made of flat high-speed 



Fig 12 Single-Point Bonng Bar 



SECTION A-A 

Fig 13 Rigid Type Boring Bar 


steel and are held in the head by means of hollow-head setscrews. 
This is one of the numerous combinations of single-point boring 
bars 

Fig. 13 illustrates a rigid type boring bar with the cutting tools 
inserted in a dovetail slot. This design of bar is excellent for rough¬ 
ing operations, due to the large amount of clearance that is provided 
for chips. This bar is very strong because there is no slot entirely 
through the bar to weaken its cross section 
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Combination Bars. Fig. 14 illustrates a combination boring, 
counterboring, facing, and chamfering bar using the design of tool 
bit shown in Fig. 13. 

Boring Bars with Inserted Blades. On some jobs where ex¬ 
treme accuracy is necessary, it is desirable to provide roughing and 



Fig 14 Combination Bonng, Counterhonng, Facing and Chamfering Bar 


. r ' J T' t ^rs 





Iig l'>\ Roughing Bar Designed to Rough Three Diameters in a Piete Part 


* i /<' 

i tu ^ \ 



Fig IfiB Bonng Bar with Removable Block-Type Cutters 


finishing bars. Fig. 15.1 is a roughing bar designed to rough three 
diameters in a piece of work. The construction is of the inserted 
blade type with hardened and ground tool steel stripped pilots. This 
bar is designed for use in a turret lathe. The bar in Fig. 155 has 
removable block type cutters that are designed to float in the bar. 
The use of a bar of this type, where the boring cutters float, elim¬ 
inates any inaccuracies produced by the roughing boring bar and 
leaves a finely finished and accurate bore. 
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In some types of internal-combustion engines where an inserted 
cylinder sleeve is used, the bores in the crankcases to receive these 
sleeves are necessarily machined very accurately, as the sleeve fit 
determines not only the accurate alignment of the pistons in con¬ 
nection with the crankshaft, but the fit must be so that it forms 
a water-tight seal to provide a water jacket for the cylinders. 

Figs. 16A and 16JS illustrate a bar designed for a job of this 
kind. Note that the pilot section has a key insert. This key acts 
as a driving member for a revolving bushing which is equipped with 
ball bearings ‘to reduce friction and to maintain the required ac¬ 
curacy. The bar is equipped with a single-point square tool bit to 
perform the rough boring of both sections of this crankcase. Then 
there are special boring cutters that contain the cutting tool blades 
for semifinishing and finishing these bores. Tlie final cutting tool 
is provided to counterbore for the seating of the cylinder sleeve. In 
addition to the revolving pilot bushing, this bar is also piloted in 
the rear by means of a pilot bushing. The shank is provided with 
a floating drive so that all inaccuracies between the spindle of the 
machine and the table are eliminated. Bars for jobs of this kind 
are used in multiples; in this instance four bars are used simul¬ 
taneously in a four-spindle vertical boring machine. The bars them¬ 
selves are carburized, hardened and ground. In a bar of this de¬ 
sign it will be noted that the various tools are placed in the bar so 
that one tool is through the cut before the next tool begins to operate. 
In this way any possible chance of inaccuracy is eliminated. 

It is always considered good practice to design boring tools so 
that one cutting tool is finished with the cut before the next tool 
comes into action, as two tools cutting simultaneously are liable to 
cause errors, particularly where there are two or more separate 
diameters. In some instances tool designers attempt to design tools 
so that a finish boring cut is being made while another tool is per¬ 
forming a counterboring or chamfering operation; usually the tool 
doing the finishing boring is affected and an unsatisfactory job is 
the result. However, on bores of large diameter it is sometimes 
possible to have a roughing tool cut ahead of a finishing tool, es¬ 
pecially where the bar is of large diameter and is rigidly supported. 

Reamer Bars. On some classes of work it is required that the 
roughing and semifinishing cuts be taken to obtain the desired 
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BASE ON MACHINE 


ROUGHING 

rooL-i 



Fig 16A Left Half of Bonng Bar Showing Front Pilot and Roughing Tool 

dimension and leave a fine finish that will be accurate; for this work 
a reaming bar is usually designed. 

When the term reaming is used, it implies that two or more 
cutting points will be in contact with the work being machined. 
It is always considered good practice to design reamers with at 
least six flutes or cutting edges Figs. 17-4 and 17-B illustrate a 
reamer bar that is piloted on both ends. These pilots are the in¬ 
serted strip type and are made from Stellite. This is a commercial 
standard and can be used in the regular lengths or cut off to suit 
the requirements of the individual job. 

The front pilot is ground to a decimal dimension to insure 
positive alignment in the reaming fixture. The reamer portion of 
this bar is designed to be of the integral type; that is, the blades 
are attached directly to the bar by means of slots and wedges. The 
wedges have a taper on one side that matches the taper on the 
reamer blades. This taper is approximately 5°, which makes it a 
binding taper, as all angles or tapers of less than 16® are binding 
tapers. The wedges are attached to the bar by means of fillister- 
head screws. 

It will be noted that the reamer blades, which are six in number, 
are to ream two diameters simultaneously. This has been made 
necessary by the design of the work. This piece part (work) shown 
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4-REQ CARB HON ANO GR 

rig. lOB. Uight Half of Boring Bar Showing Cutting Tools ami Rear Pilot 

by Fig. 17A is a section of a transmission case, and the over-all 
lengtli of the section to be machined is only -%6". Therefore it is 
difficult to design a reamer bar for this job in any other way, as 
the two holes must be in alignment and concentric with each other 
and it is necessary to obtain accurate decimal dimensions and a 
fine finish. 

Reaming bars can also be designed for the use of inserted-blade 
shell reamers; however, on the particular job for which this reamer 
bar was designed, it was impossible to use the shell reamer type. 

A reamer bar of the design shown in Figs 17A and 17B is an 
exception to the general rule, as it is not considered good practice 
to finish-machine two or more diameters at one time. As before 
stated, it is desirable wherever possible to finish-machine each 
diameter singly; however, where the design of the work does not 
permit this, it is often necessary to design a bar such as has just 
been described. 

Boring Bars with Multiple Cutting Heads. Where it is neces¬ 
sary to produce items in very large quantities, special tooling is 
often designed to accomplish this purpose. Fig. 18 illustrates special 
multiple cutting heads. This bar of multiple cutting heads is used 
for boring, taper reaming, counterboring, and facing both ends of a 
standard pipe coupling prior to the tapping of the threads. These 
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multiple cutting heads are used simuItaDeously on a special double¬ 
end machine. The notched blade, as can be seen from the photo¬ 
graph, is formed by two separate blades performing the boring and 
counterboring operations, while the serrated blades, which start 
cutting after the boring blades, taper ream the hole. These serrated 
blades have alternately staggered nicks which break up the chip 
and make the tools cut easily. The facing operation for both ends 
of the coupling is done by the ring directly back of the cutter head. 
This has square tool bits mounted on each side so as to permit their 
adjustment for the required distance. 



Fig. 18. Special Multiple Cutting Heads 


You wdll note in this design that one of these multiple heads 
has a pilot bar that is located in tiic bore of the opposite multiple 
head. This maintains the proper alignment. Each one of these drill 
heads completes one end of a pipe coupling at one pass. Designing 
the tools so that these blades are readily removable for replacement 
considerably cuts down the ultimate cost of tools of this kind. 

The initial cost of a tool designed in this manner is somewhat 
higher than that of a tool made from solid high-speed steel, but 
the solid tool would be more expensive in the end, because if any 
portion of a solid tool should break or become worn undersize, it 
would be necessary to scrap the entire tool. This would make the 
ultimate cost of a solid tool very high in comparison to that of one 
having an inserted blade. 

In designing tools for some of the multiple-spindle machines 
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it is often a requirement of production that the tools be designed 
so that complete operations can be finished at one pass of the ma¬ 
chine. For the transmission cover of a tractor where there are two 
or more holes that must be held to certain definite distances and 
to close limits of accuracy, tools are generally designed as shown 
in Figs. 19.4, 195 and 19C. On the bar shown as Fig. 19A the in¬ 
serted blades at the left rough finish, the next ^emifinish, the third 
finish the bore, all in one pass of the spindle head of th^ machine. 
These inserted blade tools are spaced so that one tool is entirely 
through the cut before the next tool begins to operate. In this way 
there is no possibility that one section of the cutting blades will 
interfere with the performance of the others. You will note in this 
design, in addition to the inserted blades, one single-point square 
tool bit, detail (7), that acts as a fly cutter or sizing blade. In this 
bar it will be noted that a chamfering operation is also performed 
by the addition of a blade set at the right point to perform the 
chamfering cut, which is made at a 45® angle. 

The bar shown as Fig 19C, which is somewhat similar to the 
bar in Fig. 19A, performs three operations, a roughing, semifinishing, 
and a finishing operation. This bar also has a square tool bit that 
is used as a sizing tool. However, the chamfer is located in a 
different position on this bore and there is also a counterboring 
operation. 

This design of bar is frequently used in automotive and tractor 
plants where it is necessary to secure quantity production and have 
accurately finished bores. Numerous combinations of this design 
can be employed to suit the needs of any particular job. 

In the production of gate valves for high-pressure steam and 
hydraulic operations, etc., it is necessary to produce these valves 
in fairly large quantities. In addition, to withstand the pressure to 
which they are subjected, these valves must be machined very ac¬ 
curately. Therefore, the tools that are designed to perform these 
machining operations must be able to perform accurate work at 
fairly high rates of speed. 

Cam-operated Combination Boring, Threading and Facing Bars. 
Fig. 20 illustrates a combination boring, threading, and inside facing 
operation. The first operation of this bar bores the diameter of a 
gate valve and, as the tool traverses through the cut, a lever on the 
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Fig. 19A. Boring Bar Designed to Coznplete Several Operations at One Pass 
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Fig 19B. Details of Boring Bar Shown in Fig. 19A 
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Fig: 19C. Boring Bar which Performs Several Operations at One Pas*^ 
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shank portion.of the bar operates the cam which controls the thread 
chasers. After these thread chasers perform the threading operation, 
the lever is released and they recede into the body portion of the 
bar. This completes the second operation; the third is as follows: 

The pilot of the bar has a collar attached to it that is secured 
by means of screws. As the bar is fed through the work, this stop 
collar (which rotates with the bar) engages the thrust ball bearing 
stop, causing the cam pin to operate in the cam slot. This in turn 
actuates the 2 square tool bits which have been ground, then set, 
to the correct dimensions. These tool bits face the valve seat por¬ 
tion of the gate valve. The spring located in the rear portion of 
the bar causes the 2 square tool bits to recede, thereby allowing 
the cutting bar to be withdrawn from the work. 

Bars of this design have numerous applications on high-pro¬ 
duction work; in some cases this design is the only type of tool that 
can be used to perform numerous operations on turret lathes, boring 
mills and other single-end or double-end special machines. 

Tool Bits for Boring Bars. At the present time there is an 
almost infinite variety of tool steels that are available for tool 
bits. The designer must consider the various jobs individually. 
High-speed steel of a particular analysis might be satisfactory for 
one job and totally unsuited to another. The machine on which 
the boring bar is going to be used often determines the analysis of 
the high-speed steel tool bit that will be used in the bar. One error 
frequently made by tool designers in designing boring bars is that 
they do not provide a tool bit of sufficient size for the job. It is 
considered good practice to design the bar with a tool bit as large 
as possible, taking into consideration the diameter of the bar. 

A boring bar with a 3" diaipeter will not be weakened too 
much by putting in a %" square slot for the tool bit; moreover, the 
designer must keep in mind the fact that it is important to have a 
tool bit of sufficient size to radiate the heat generated by the tool 
bit in cutting the material on which the bar is to be used. Most 
designers make the mistake of having the tool bit entirely too small. 

The use of Stellite as a tool-bit material for various grades 
of cast iron, brass, bronze, aluminum, etc., has proved very satis¬ 
factory on boring bars. However, the use of Stellite tool bits in 
boring bars must be given careful consideration, as this material 
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will not stand the shocks (sometimes developed in boring) as well 
as high-speed steels. Where the tool bit does not have too much 
overhang (that is, where it does not extend too far out from the 
boring bar) Stellite will work satisfactorily on a great many boring 
jobs. 

The design and shape of tool bits are determined by the job 
to be done. In many instances design and shape are developed in 
the plant by the cut-and-try method; for example, a tool is made 
to specifications as designed on the tool drawing, but after the boring 
bar with cutting tools in place is put into the shop it is found 
through some peculiar condition that it is necessary to change the 
shape of the cutting edges of the tool bit in the boring bar in order 
to obtain satisfactory results. Therefore, the tool designer's specifi¬ 
cations for boring-bar tool bits are an approximation in a great 
many instances. 

The use of tungsten carbide for tool bits for boring bars has 
had wide application during the last few years, and this material 
is somewhat in the same class with Stellite. The tool bits must be 
of sufficient size to stand the shock of the cut and to radiate the 
heat properly. No extensive overhang can be permitted with the 
use of tungsten carbide as tool bit material in boring bars, because 
the shocks of intermittent cuts that are sometimes encountered with 
the use of boring bars will cause tungsten carbide to chip off the 
tool shank. This will occur because it is really a tipping material; 
in other words, the tungsten carbide section is brazed to an alloy 
steel body. In the case of tool bits for boring bars it would be 
brazed on to a square section and then located in the boring bar 
the same as an ordinary high-speed steel tool bit. 

Where proper rigidity and support can be given to tools tipped 
with tungsten carbide in boring bars they are ideal for a great many 
purposes, particularly on cast iron, brass, bronze, aluminum and 
other nonferrous metals, but consideration and good judgment must 
be exercised by the tool designer in specifying the use of these 
tipped boring tool bits. 

The use of tungsten carbide tipped tool bits and boring bars on 
special double-end precision boring machines is constantly increasing 
due to the demands of the aircraft and automotive industries. Fig. 
21 illustrates one of these special double-end boring machines fot 
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roughing and Bnishing the boring of two aluminum aircraft pistons. 
The pistons are located in the Gxture over a plug in the base of the 
jfixture. The pin holes aie aligned with the spindles by cam-con- 
trolled fingers that are operated by a handle in front of the fixture. 
The pistons are clamped in the fixture by a hydraulic swivel clamp 
which descends on the top of them. The locating fingers are then 
moved out of the way. On one side of tlie machine are located 
the roughing boring bars; on the opposite side, the finishing bars. 
The roughing bars traverse through the work and then retract into 
the spindles. Then the finishing boring bars traverse through the 
work, finishing the pin bore of the pistons. 

Formerly in machines of this type a diamond was mounted 
in the tool bit shank in the boring bar, but the cost of these tools 
was too great, although on aluminum pistons, for example, the com¬ 
mercial diamond would do a very satisfactory job. However, the 
use of tungsten carbide has largely eliminated the great initial cost 
of diamonds. Another difficulty in the use of diamond tool bits was 
the possibility of breakage which would sometimes occur despite all 
precautions. It will be noted in Fig. 21 that the •design of the fixture 
is very simple and a cam clamping arrangement could be made if 
hydraulic operation were not practicable. 

Another extensive use of tungsten carbide is also in the aircraft 
industry. Fig. 22 illustrates a double-end precision boring machine 
for machining both ends of a master connecting rod for aircraft 
engines, sometimes called an articulating connecting rod. In this 
machine, both ends of the connecting rod are machined simul¬ 
taneously, which maintains perfect alignment of the bores as Avell 
as very accurate center distances. The large end of the rod is lined 
with babbitt and the small end has a bronze bushing. The machine 
is somewhat similar to that described in Fig. 21 except that the 
fixture is operated by hand instead of hydraulically. Tungsten car¬ 
bide tool bits are used in both the roughing and finishing bars. To 
load this master connecting rod in the fixture, two pins are inserted 
in the articulating rod holes. These are a series of holes around the 
large end of the rod, as can be seen in the work at the base of the 
machine in Fig. 22. The lower pin is located in a V-block, then a 
flatted locating plug is inserted through the fixture in the small end 
of the master connecting rod. The hand knob at the top rear of the 
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Sxture (see Fig 23) is tightened to clamp the largo cad of the rod 
The hand knob shown on the front end of the fixture operates a 
spring jack that 'supports tlie small end of the rod Then the ratchet 
hand knob shown on the top front of the fixture is tightened to 
hold the small end of the rod in proper position The flatted lo- 



Iig 21 Spcci il Doublt End Precision Bonng Machu c for Houghing ind rini'^hing 
Aluminum Aircraft Engine Pistons 
Courietsy of hx-cell o Aircraft and Tool Corporation Detroit Michigan 


eating plug IS then removed from the small end of the master rod. 
The machine roughs and finishes the bores to the correct size This 
fixture is comparatively simple and the design can be employed on 
many other similar types of jobs 

Fig 23 shows a closeup view of the spindles and fixture that 
ere described m connection with Fig 22. It will be observed that 
the rod is in a position to be unloaded from the fixture. It will 
also be noted from the design of the bars that they are made as 
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short as possible to overcome any springing away from the work. 

Rigidity is very important in bars designed for jobs of this 
type, because in some cases it is impossible to use a guide bushing 
for machining parts such as the inner bearing cage shown in Fig. 24. 



Fig 22 Double-End Precision Bonng Machine for Rough and Finish Bonng Both Ends of 
Connecting-Rods Used in Air-Cooled Aircraft Engines 
Courte’^y of Ex-cell-o Axrcrafi and Tool Corporatvon, Detroit, Michigan 


It will be noted Irorn the dimensions on this drawing that the 
diameter of the bore < 3 9364" to 3 9374") is very close, as there 
is only .001" tolerance This is necessary because an antifnetion 
bearing must be inserted in this part. Therefore, to bore this hole 
to the specified limits requires a precision boring machine such as 
has been described. In this instance a single-spindle machine would 
serve unless the production requirements were large, in which case 
a four-spindle machine such as previously described could be used 
and a fixture designed to accommodate four pieces at one time. 
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Fig. 25 shows the design of an adapter for a precision boring 
machine and the boring bar. This fixture consists of a face plate 
that is carburized, hardened, and ground to a close dimension to 
fit the machine spindle. The piece part. Fig. 24, is mounted in the 
central section of this adapter plate and clamped by means of two 
clamps shown located on the vertical center line 180“ apart. This 
fixture necessarily must be very accurate in order to locate the 



Hg 23. Closeup View of the Spindles and Fixture for the Machine Shown in Fig 22 
Courtesy of Ex-cell-o Atreraft and Tool Corporation^ Detroit^ Michigan 


work on the outside diameter, and is held to a -f'-OOOS limit. The 
tool bits used for machining this part are tipped with tungsten 
carbide. One tool bores the diameter shown as 3 9364 to 3.9374, and 
the other faces the bottom to .956" to .958" dimension. The setup 
shown by Fig 25 is commonly used and is one of the fastest and 
best ways to produce parts similar to those shown in Fig 24, be¬ 
cause once the bar and adapter are located on the machine in the 
proper position it does not require much skill or effort on the part 
of the operator to produce parts in quantity to very close accuracy. 
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Multiflute Drills. In order to determine tlic design and type 
of cutting tools to be used for a given job, it is necessary that the 
tool designer know the type of machine that is available and the 
number of pieces required. If the Job is a simple one, such as can 
be done in the average drill press or turret lathe, and if the ma- 
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Fig 24. Capt-Iron Inner lie.innj; Cage 


terial is a steel forging and the operation reejuired is drilling a two- 
stepped hole, he will design a tool similar to that shown in Fig. 26. 
This tool is commonly termed a sub-land or multiflute drill, so 
named because the flutes for the two diameters are separate and 
distinct. A tool of this design is capable of drilling a hole in solid 
metal and has the added advantage that two machining operations 
Are performed at the same time. This design of drill is frequently 
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Adapter for a Precision Boring Machine and the Boring Bar 
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used, particularly on large production where it is desirable to cut 
costs to a minimum. 

This same principle of design can be incorporated in a tool 
that will machine three or more diameters, as shown by Fig. 27. 
The drill section opens up the hole in the solid metal, the next tool 
comes into position and counterbores, and the last section of the 



H.S.S. HON. AND GRD. 

Fig. 26. Sub-Land or Multiflute Drill 



Fig. 27. Drill to Machine Three Diameters 



tool performs a facing operation. When designing tools of this kind 
it is sometimes necessary to work from a previously machined hole 
and then open up two or more diameters to the required dimensions. 
A tool designed as shown in Fig. 28 is then used. 

On low-production jobs where tooling expense must be kept 
to a minimum and where the part is designed to be made of cast 
iron, the operation on the part may call for opening up this cored 
hole to provide a bore, counterbore, and facing operation. To do 
this, a tool such as that ^own in Fig. 29 is used. This tool is de- 
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Bign^ to be made of a piece of 6at high-speed steel and is to be 
used in a holder, usually in a turret lathe. The %" drill hole shown 
in the design is for clamping the cutter in position in the holder. 
There are any number of combinations of flat high-speed tools of 



//AW spcso sncL t/tea. 
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Fig. 29. Combination Tool for Facing and Counterboring a Bronte Casting in a Turret Lathe 

this type which can be designed to suit the needs of various jobs. 
A tool of this design can be produced at small cost and, while it 
does not cut as fast or last as long as a multiflute tool, it will 
perform satisfactory work under the usual shop conditions. 

Fig. 30 illustrates a multiflute tool for producing various diam¬ 
eters. Tools of this design, however, must be used after roughing 
operations have been performed on the part, or in a previously 
machined part. Note that each flute is individual and the tool may 
be ground on these various diameters without interfering with other 
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parts of the tool. In other words, it is possible to maintain definite 
dimensions on the various steps of the bore. 

Various combinations of these tools can be designed. Fig. 31 
illustrates a special combination tool that is piloted in a fixture to 
operate in a cored hole in a casting. This tool core drills, reams, 
counterbores, and faces a portion of a pump casting. The design of 
this tool is such that each portion of these cutting sections is re¬ 
movable and can be replaced in the event it becomes worn under- 



Fig. 30. Tool for Producing Several Diameters 



Fig. 31. Special Combination Tool Piloted to Operate in a Cored Hole 


size or broken. This design is capaWe of almost unlimited adap^ 
tations to suit the jobs, in question. 

Fig. 32 illustrates a combination of multiflute tool, inserted 
blades, and a combination hollow milling, facing and chamfering 
tool. This tool illustrates the combinations of design that can be 
employed to perform certain required machining operations. A 
2-flute drill is used to open up the hole to the required diameter, 
then this special combination tool is employed to perform all sub¬ 
sequent operations at one time. A tool of this design insures ab¬ 
solute concentricity of these various diameters. 
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Special Cutting Tools. Standard cutting tools such as drills, 
reamers, taps, dies, and milling cutters can be obtained in most 
cases from manufacturers’ stocks, but there are numerous instances 
in the metalworking plants where it is necessary for the tool de¬ 
signing department to produce certain special cutting tools; there¬ 
fore it is well for the tool designer to have some knowledge of 
these types of tools. Oftentimes the standard tools can be readily 
adapted by means of slight changes that can be made in the plant 



Fig 32 Combination Multiflute Tool 


tool room, either by grinding or by other machining operations. 
Taper reamers are usually designed especially for the use of indi¬ 
vidual plants. 

Fig. 33 illustrates a design of roughing and finishing taper 
reamers. (^4) illustrates the design of a roughing reamer; the flutes 
are straight and have a slight taper to the small end of the reame’-. 
Nicks on the flutes are staggered to break up the chip and prevent 
the reamer from binding in the work. This is always considered 
good practice as it permits the reamer to cut more freely. The 
finishing reamer {B) is made with helical flutes. This design per¬ 
mits the reamer to produce a very good finish in the work. In de¬ 
signing finishing reamers the land or cutting edge should be very 
narrow, not over .004" or .005". In some plants it is considered 
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FI'S. 33. (4) Roughing Reamer, for First Operation; (R) Finishing Reamer, for Seeond Operation 
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good design not to have any land on the finishing reamer blades, 
because such blades produce better results on some types of work. 

Hollow mills are available commercially in both the solid and 
adjustable types. On some classes of work the demands of the job 
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Fig. 36 B. Counterboring, Boring, and Turning Tool Details 


make it necessary to design a hollow mill in the plant. Fig. 34 illus¬ 
trates a hollow mill for machining a cast-iron holder. This is a 
2-flute hollow mill to be made from high-speed steel. Usually solid 
hollow* mills are made much smaller in diameter than the one illus¬ 
trated. Combinations of these can be designed so as to produce steps 
of various diameters on the part, or in some instances they can be 
used in conjunction with other tools. Fig. 35 illustrates a combina- 
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tion. hollow mill, boring, and counterboring job. This design is 
used extensively in the automotive and tractor industries. The 
only objection to this type of tool is that it is necessary to take 
the complete tool out of the machine for regrinding of the hollow 
mill section when it becomes dull. The central section, which is of 
solid high-speed steel, is quickly interchangeable. 

Combination tools of high-speed steel which have square tool 
bits and flat cutting blades are illustrated by Figs. 36A and 36B. 
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Fig. 38. Production Drawing of a Die Casting 


They are extensively used in plants machining brass or bronze, al¬ 
though tools of the same design can be used on steel or cast iron. 
It will be noted that* this tool machines the internal dimensions, 
performing a boring and counterboring operation, as well as turning 
three distinct steps on the outside diameter of the work. The cost 
of making these tools is quite low in comparison to other types of 
tools that could be employed, but the expense of rcgrinding and of 
setting up to secure the correct dimensions is a disadvantage. How¬ 
ever, this tool is ideal for performing the various operations on 
certain classes of work. 
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On jobs where there are a number of sections to be machined 
and where it is necessary to finish both the inside and outside 
diameters, special combinations of tools are employed as illustrated 
by Fig. 37 and 38. The work, Fig. 38, is a die casting. This ma¬ 
terial, which is an aluminum alloy, is ideal for the use of tungsten 
carbide; therefore the tools. Fig. 37, have been designed to use this 
material for the cutting sections. (A) of Fig. 37 illustrates a com¬ 
bination boring, facing, and hollow milling tool, while {B) illustrates 
the design of a tool for finishing the internal diameters of the part 
shown in Fig. 38. This tool has been designed so as to permit the 
various dimensions shown on the work piece to be held to definite 
dimensions, for it is possible to grind these tools so that they will 
be concentric with each other and so that the steps will be to the 
dimensions required. Unlimited combinations of this design can be 
developed by the tool designer when confronted with jobs of this 
type. 


QUIZ QUESTIONS 

1. What arc some of the factors that must receive careful consideration 
before cutting tools can be designed? 

2. Why is it good practice to consult the foreman of the production 
department before spccif 3 'ing materials for cutting tools? 

3. Why is a thorough knowledge of available standard tools valuable 
to the tool designer? 

4. Why arc broaching operations constantly increasing in the machine 
manufacturing industry? 

5. What determines the pitch of the broach teeth in the design of 
key way broaches? 

6. What operation in a number of jobs in the automotive industry is 
(xternal broaching replacing? 

7. What are some of the important points that must be recognized in 
the design and construction of a boring bar? 

8. What are the general classifications of material for boring bars? 

9. What type of shank is most commonly used for boring bars? 

10. Before beginning the de.sign of a boring bar, what factors‘must the 
tool designer consider? 

11. When a boring bar contains various tools covering different opera¬ 
tions, what important design practice must be followed in the arrangement of 
the tools to produce the greatest accuracy? 

12. In the design of reamers used in connection with a reaming bar, how 
many cutting edges or flutes should be included? 

13. In the boring bar shown in Fig. 19A, how many cuts are taken in one 
pass of the spindle head of the machine? 

14. In designing boring bars with tool bits, what common enor is made 
by tool designers with regard to the size of the tool bit? 

15. What tool-bit material is commonly used in machining cast iron, 
brass, bronze, and aluminum? 

16. In what industries are the tungsten carbide tipped tool bits and boring 
bars being used in increasing number? 

17. What are some of the difficulties encountered in the use of diamond 
tool bits mounted in boring bars? 
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AUTOMATIC SCREW MACHINES 

The principles of automatic screw machines (Fig. 1) are quite 
simple and are as follows: the material to be machined is usually in 
the form of bar stock, which can be round, square, hexagon or some 
other shape. This bar stock is held tightly in the spindle of the 
automatic screw machine by means of a spring collet and is rotated 
by two pulleys on the spindle which is driven by a belt from the 
countershaft or motor. The pulleys run free, and either one or the 
other is engaged to drive the spindle by means of a friction clutch 
that is inserted between pulleys. This gives a spindle drive that 
allows the speed or direction of rotation to be changed or reversed. 
The cutting operations are performed on the bar stock by means of 
cutting tools that are held in the turret and on the cross slides. The 
wide variety of work that can be produced by automatic screw ma¬ 
chines is limited only by the tools that can be designed and made 
for these various jobs. 

The turret of an automatic screw machine has six ports or tool 
posts and is automatically indexed to bring each tool in the proper 
position. The cross slides are two independent slides at right angles 
to the spindle of the automatic screw machine. Both the turret and 
the cross slides are moved to and from the work by means of special 
cams that are designed to give the proper feed to each tool. In 
other words, these cams actuate the tools in and out over the bar 
stock to perform the necessary machining operations for the piece 
to be produced. The bar of stock is automatically fed forward to 
the new cutting position after each piece has been completed. The 
pulley on the driving Shaft at the rear of the machine is driven 
at a constant rate of speed regardless of the spindle speed. By 
means of clutches mounted on this shaft, it controls the operation 
of all idle movements of the machine, such as indexing the turret, 
feeding the stock, and reversing the spindle. This shaft also drives 
the turret and the cross-slide camshafts through a series of change 
gears. On the cross-slide camshaft there are mounted three trip-dogs 
which carry operating levers that control the operation of clutches 
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on the driving shafts. These trip dogs are adjustable and can be set 
to trip the clutches at the desired time. 

Fig. 1 illustrates an automatic screw machine designed to pro¬ 
duce small work. The principles of all these machines are practically 
the same, and the tools that are designed for use with them are 



Fig 1 Automatic Strew Machine 
Courtesy of Brovm <fc SftariH, Mfy, Co , Prondeuct , R I 


almost identic.il except for size The^e automatic screw machines 
are particularly adapted to the use of a wide variety of special tools 
and attachments for performing difficult machining operations. The 
kind of work that can be handled is almost unlimited. These tools 
must be specially designed for the peculiar requirements of jobs. 

Circular Forming Tools. One type of cutting tool most fre¬ 
quently used in conjunction with automatic screw machines is the 
circular form cutter, Fig. 2. These circular forming tools are usually 
made of high-speed steel and, as can be seen from the illustration, 


m 





TOOLING FOR PRODUCTION 


3 


they are designed so that in one cut they will machine the contour. 

In designing circular forming tools it is necessary for the de¬ 
signer to know the type of machine they are to be used on, so that 
he can incorporate in his drawing the correct outside diameter, the 
proper width, and the particular size of hole in the center of the 
circular fo-rming tool. This center hole is used to attach it to the 
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Fig. 2. Circular Forming Tool for Turning, Fading, and Forming in an Automatic Screw Machine 

(High-Production Tool) 

circular forming tool holder that is mounted on the cross slide of 
an automatic screw machine. These tools are turhed up in a lathe 
to the required outline and dimensions, and are hardened and then 
ground to the finished size; then a section is cut away to provide the 
proper cutting face. 

The outstanding advantage of circular forming tools is that they 
do not* change their shape and it is necessary to grind only the top 
of the cutting face; the contour of course remains the same. As this 
section is ground away, the circular forming tool is reset in the tool 
holder so as to bring the cutting face on the center line of the work. 
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Standard Tools for Automatic^Screw Machines. The automatic 
screw machine is capable of producing work with a very high degree 
of accmacy, with a fine finish, and at a very rapid rate; this of 
course is true only if the designer selects the right type of tools for 
the job. He should keep in mind, however, that the simpler the 
design of the tool, the less the possibility of difficulties. It is essen¬ 
tial that the tool designer who must design tools for these machines 
know something of the standard tools which are available. In some 
instances these standard tools can readily be converted into use for 
special jobs by slight alterations or changes in the setting of the 
tool bits or blades; therefore a description of these standard tools 
is essential. 

Fig. 3 illustrates a group of standard tools for automatic screw 
machines. In specifying standard tools, care should be taken to see 
that the right size is designated and that the correct type is used. 
The external turning tools, balance turning tools, plain hollow mills, 
adjustable hollow mills, box tools, swing tools, and knee tools are 
all used in the turret. The centering and facing tools, pointing tools 
and pointing tool holders with circular tools are for operations on 
the end of the work. The internal cutting tools, drills, counterbores, 
and reamers are held in drill holders or floating holder and recessing 
togls. These are similar to tools used on various other types of 
machines and therefore no general description of uses will be given. 

The threading tools, such as taps, are held in tap holders; dies 
are held in die holders; chasers are mounted in self-opening die 
holders; and thread rolls are held in cross-slide holders or in knurling 
swing tools. Knurling tools and top and side knurl holders are used 
on cross slides. The adjustable knurl holders and knurling tools are 
used in the turret. Forming and cutting-off tools, circular forming 
tools, and circular cutoff tools are used in the regular cross-slide 
tool post and in an adjustable tool post. Square tools and thin 
straight blade cutting-off tools are all used in the cross slide. The 
angular cutting-off tools, support and auxiliary tools, back rest for 
turret, back rest for swing tools, back rest for chucks, fixed and 
adjustable guides for operating swing tools, and spindle brake are 
all used ki the turret. 

The following suggestions to the tool designer will be of help 
in selecting the correct design and type of tools for the automatic 
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screw machine. The balance turning tool is the best all-round tool 
for straight rough turning. Plain hollow mills and adjustable hollow 
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Fig. 3. Group of Standard Tools for Automatic Screw Machines 
Courtesy of Brown Sharpe Mfg. Co., Providence, R.I. 


mills can also be used for jobs of this kind. For straight finish opera¬ 
tions, turning box tools are preferable. The knee tool is designed for 
turning scale on black bar stock; that is, stock that is termed hot- 
rolled and does not have the finish that is usually found in screw 
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machine bar stock. On straight turning where the piece is long and 
very slender, a pointing tool of the box type is considered better 
than any other tool because the stock is held in the bushing ahead of 
the blade that machines, and this tends to hold the work steady. 

For all taper turning, the swing tool is the most generally used 
tool. This type of tool can also be applied on some types of form 
turning where the curve is long or very shallow and continuous. 
Swing tools are sometimes used in place of circular forming tools. 
The circular forming tools on the cross slide are generally used for 
all form turning and for straight turning behind shoulders. This of 
course is where the length of cut is not too large in proportion to 
the diameter of the work. 

For centering work in a screw machine, a center drill is 
mounted in a floating holder; this permits ready alignment. To 
round off, chamfer, or point the end of the work (where it is stiff 
enough so it will not spring in the operation) a pointing tool holder 
with a circular tool can be used, due to the fact that this design of 
tool permits it to be used indefinitely, as it is similar to a circular 
forming tool and can be ground without changing its form. Drills, 
reamers, and counterbores should always be mounted in screw ma¬ 
chines with a floating tool holder so that they may easily be adjusted 
to. center with the work. 

Fig. 4 illustrates various types and forms of circular forming 
and cutting-off tools. Looking at A, it will be seen that on this 
particular part both cross-slide tools do the forming, and the piece 
is fed out before the cutting-off operation takes place. This idea 
can be used where there is a shoulder where the portion formed by 
the two tools can join. It is not practical to attempt to blend the 
cuts on the two tools on a plain surface as it is very hard to set the 
tools in a correct position because a line or ridge is left where the 
outs join. The tools on the back cross slide must not start to cut as 
soon as the one on the front slide, or the diameter near the chuck 
win be reduced so that the piece will not be stiff enough to stand 
forming at its outer end. 

In B of Fig. 4, the forming tool on the front slide roimds the 
comer at the top of the screw after the threading operation, and 
the cutting-off tool forms the end of the next piece while cutting off 
the one that has been completed. C of the illustration is an example 
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Fig. 4. Examples of Use of Circular Forming and Cutting*OfT Tools 
Courtesy of Brown db Sharpe Mfg. Co., Providence. R T. 
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where the forming tools simply square up the head of a piece that 
has been turned by turret tools. Note that the form tool laps around 
the back corner of the head to remove any burrs thrown up by the 
cutting-off tools; both tools operate simultaneously. In D all the 
forming and cutting off is done with the front cross-slide tool, as 
the rear cross slide carries a cross drilling attachment for putting a 
hole through the piece at right angles to the axis. E of the illustra¬ 
tion shows how one end of a piece is finished with, the cutoff tool 
while the other end is produced by the forming tool on the front 
cross slide after the bar has been fed out. 

The piece at F has to be made in the manner shown because 
of internal machining operations required. Both cross-slide tools are 
used for forming, and the piece is cut off by a swing tool held in 
the turret and brought into action when the forming is completed. 
The position of the swing tool when about to cut off the piece is 
shown by dotted lines. The forming on this piece could not be done 
by a single tool because the small diameter at the back end of the 
piece would not be sufficiently strong to support and drive the piece 
while the tool was cutting on the large diameter. The front form 
tool removes tlie burr from the outer end of the piece, and tlic bevel 
on the rear form tool removes the burr on the inner corner eff the 
large diameter. On this piece, the form tool on tlie front cross slide 
is producing part of the round head and squaring up under the head. 
The balance of the form of the head is carried on the cutting-off tool, 
which must be designed and set to blend with the curve produced 
by the forming tool. 

It is customary in making round-headed screw bolts, rivets, and 
similar pieces, (see G of Fig. 4) to design the forming tool so that 
it will cut around the head to the diameter of the body of the piece, 
in this way leaving the balance of the head to be formed by the 
cutting-off tool. When designing the cutting-off tool for such a job, 
the fact that the piece breaks off before the point of the cutting tool 
reaches the center must be taken into consideration, and the radius 
of the tool is set slightly ahead, otherwise the curve will not blend 
with that of the forming tool. 

H illustrates the method of supporting the outer end of a long 
slender piece. Without the use of this back rest, considerable spring¬ 
ing would occur and the finish would not be desirable. These are 
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but a ievf oi the various types and designs of tools that can be used 
for producing screw machine parts. 

Fig. 5A illustrates a part that is produced by a circular forming 
tool. This is an illustration of how the difference in the diameters 
on circular forming tools is calculated. Whenever a circular form 
tool has two or more diameters, the difference in the radii of the 
steps on the tool will not correspond exactly to the difference in the 
steps on the work. This is due to the fact that sufficient periphery 
clearance on the circular form tools is necessary because the cutting 
face of the circular form tools is offset in relation to the center of 
the work. 

In Fig. 5A, the example showm, the difference between the small 
diameter of the work, 
which is .375, and the 
next step, which is 655, 
is .280; whereas the dif¬ 
ference between the small 
diameter of the tool, 
which is 2.508, and the 
next step, wliich is 2.725, 
is .217. This dimension 
deducted from .280 
leaves a difference of 
.063, which provides the 
peripheral clearance. On 
the work, the dimension of .655 deducted from the largest diameter 
of the w'ork, .875, is .220; whereas on ihe circular form tool the 
large diameter of the tool is 3.000, the second diameter of the tool 
is 2.725. This is a difference of .275. This makes a difference in 
diameters between the w’ork and the circular form tool of .055. 

Fig. 5B shows how cross-slide circular tools are mounted in 
the circular form tool holder for use on automatic screw machines. 
Holders for circular form tools are described elsewhere in this book. 

The design of cutoff tools other than straight thin cutting-off 
tools is shown by Fig. 6. In this type of tool no top rake is required, 
and side clearance is only necessary on deep shoulders where rubbing 
would be objectionable; in this case these tools could be undercut, 
perhaps one-half degree more or less, depending on the conditions. 



TOOL 

Fig .^A. Example of Work to Show How the Difference 
in Diameters on a Circular Tool is Calculated 
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In some cases side clearance is objectionable as it provides a place 
for small chips to collect and load up on the tool, see A and C of 
Fig. 6. This can be overcome if the limits will permit a slight taper 
on the shoulders as shown by B and D, Fig. 6. 

Fig. 7 illustrates various examples of screw machine parts that 
have been knurled. Knurling tools are furnished in the regular 
standard forms and patterns. The knurling process consists of form¬ 
ing a series of ridges and diamond-shaped heads on the surface of 



Fig. 5B. Clamping and Adjustment of Cross-Slide Circular Tools 


the work piece by pressure of hardened steel rolls or knurls. This is 
done on automatic screw machines by having the knurl operate 
straight in at the side, it being mounted on a round holder that 
takes the place of a regular circular cross-slide tool. At other times 
the knurl makes its impression by passing over the top of the piece; 
in this case it is mounted in a holder that is attached to the circular 
cutting-off tool. The knurl is located above and ahead of the circular 
tool so that after it has finished its work on the piece and the cross 
slide continues to advance, the circular tool comes into action. 

Knurling is also done by feeding into the end of the work, 
usually with an adjustable knurl holder that carries a pair of straight 
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Fig. 6 laustration of How Loading of Tool Can Be Avoided if Limits of Piece Permit Putting 
a Slight T«per on the Shoulders 



A Examples of Straight Knurhng 


_ f > * ^ 

B Examples of Spiral Knurling 



C Examples of Diamond Knurhng 

Rg 7 Screw Machine Parts Showing Yanous Types of Knurling 
CcwrUty cf Brovm A Shaarpe Mfg Co . Prondonce, R I 


knurls. When the knurls are cut parallel to the axis of the workf 
^ey produce a straight-knurled surface Fig. 7A; when cut at an 
angle to the axis, they produce either a spiral- nurled or a diamond- 
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knurled surface (see Figs. 7B and 7C) depending on whether the 
knurls are cut at an angle or in opposite directions. In knurling 
operations it is often necessary to provide some support to prevent 
the piece from springing away from the knurls. 

Fig. 8 illustrates the type and variety of work that can be pro¬ 
duced by automatic screw machines. Some of this work can also be 
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Fig. 8. Parts Produced on an Automatic Screw Machine 
Courtesy of Brown & Sharpe Mfg. Co., Providence, R. I, 


done in hand screw machines and in turret lathes. To design tools 
for automatic screw machine use requires some ingenuity on the 
part of the tool designer, and considerable knowledge can be ob¬ 
tained by observation of such a machine at work in the plant. The 
designer should take every opportunity to observe them in operation 
and use his initiative in developing means and methods for designing 
and making simple tools, gradually taking up complicated jobs. 


AUTOMATIC LATHES 

Automatic lathes have been developed to a high point of eflS- 
ciency in order to produce the many parts required by the aviation 
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and automobile manufacturing companies. These machines are 
somewhat similar in operation to automatic screw machines and a 
great many of the same tools that are used on one machine can be 
used on the other. Fig. 9 illustrates an automatic lathe tooled to 
produce a forged part. This setup is machining the shaft end of 
an automobile steering knuckle such as is shown in Fig. 10, where 
the rough forged shaft is left, the finished shaft on the right. 

These automatic lathes are capable of incorporating numerous 
operations that are done with comparatively simple tooling. 

Fig. 11 shows a close view of a turret setup to bore and counter- 
bore the internal section of a casting, with the cross slide set to 
machine the face of this casting. Fig. 12 is a photograph of several 
parts that are capable of being machined in a setup of this kind. 

These automatic lathes have builtin electric controls that make 
work simple for the operator. The rear slides are cam operated, and 
the cross slides are also operated by means of cams. These ma¬ 
chines are all equipped with coolant pumps so that, in machining 
steel or other metals that would require coolant to the point of 
the cutting tools, it can be provided readily. The cross slides can 
be operated simultaneously or indepc^ndently. Work on many of 
the high-production parts of today is done in machines of this kind, 
as the tooling for them is comparatively simple and inexpensive. 

For the production of shells and other munitions that are needed 
in large quantities in times of emergency, these automatic lathes are 
capable of performing a great many operations that would be rather 
difficult in other types of machines. Fig. 13 is a photograph showing 
a 75 mm. shell body. The low^er view shows the copper rotating 
band, that engages the rifling grooves in the gun, shrunk in place on 
the body of the shell. This operation is done by means of a press 
that has a die equipped with staking punches. These punches force 
the copper rotating band into the recess that has been machined 
in the body of the shell. The upper view shows the copper rotating 
band after being roughed, finished, turned, formed and chamfered. 

Fig. 14 is a photograph showing a closeup view of the tooling 
required to perform these various operations. You will note the ar¬ 
rangement of the tool bits, particularly the w^ay they are mounted 
on the cross slides of this machine. Note the swinging adjustable 
stop which properly locates the shell in the air-operated collet type 
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Fig 12 Typical Pioco Parts \ihich Can Be Machined in a Setup Such as Is Shown in Fig 11 
CouTtcsij of Sundutrand Marhini Tool Co , Rod ford^ III 


chuck. This insures that the shell is m correct position for the ma¬ 
chining operations The tooling consists of two cemented carbide 
tools on the front tool side; one is used to rough turn the outside 
diameter, the other is to finish turn the outside diameter. The travel 
of the feed on these tools is from right to left The two cemented 
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I IK 13 73 MM Shf 11 Forging 

( /(ifSumhtofd \farhtt € Tool Co Rotf f nl III 



Kg. 14. Tooling Required to Perform Necessary C)i>era< 
lions on Piopp Part Shown in Fig 13 
Courtesy of Sundstrand Machine Tool Co , Rockford, III 


(aihidi tool^ on ihv rear 
tool ''lulc arc set hO that 
one 1 ^ to rough form and 
chamfer the outside di¬ 
ameter, the other tool i^ 
to finish form and cham¬ 
fer the outride diametc i 
Fig 15 IS a drawing 
bhowing the tooling lay¬ 
out for this job The air- 
operated collet type 
chuck has a spring-loacF 
ed cup center that per¬ 
mits the rapid location 
of the shell body in the 
chuck The spring pushes* 
the shell body toward 


the swing type end stop After this, the air vah c is thrown on and 


the chuck automatically locks the shell body in the collet chuck. 


Machining operations follow. Production per hour is about 120 
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Fig. 15. Tooling Layout for Machining the Piece Part vShownin Fig. 13. 
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Tractor parts such as shown by Fig. 16 can all be produced in a 
setup on the cross slides of one of these automatic lathes. Fig. 17 
shows tool blocks with individual square tool bits mounted in them 
for turning the rear stub axle of a tractor. Note the design of these 



Fig 1(» Htcel Forgings for Tractor Parts 
Courtesy of Suiid''trand Machine Tool Co , Rockford, III 



Fig 17. Tool Blocks m which Individual Square Tool Bits Are Mounted 
Courteny of Sundstrand Machine Tool Co , Rockford, III. 


tool blocks. Square tool bits are mounted in a block that has the 
proper width of groove cut in it, and then a cover plate is used that 
lastens to the lower block by means of hexagon head cap screws. Hol¬ 
low-head setscrews and square-head setscrews are used for locking 
the tool bits in place in the tool blocks. The adjustment and backup 
of these tool bits is accomplished by means of hollow-head screws 

‘> 1)0 










Fig. 18. Design uiul Construction of Tool Blocks Shown in Fig. 17 


Fig. 18 is fi drawing showing the design and construction of 
these tool blocks. This design is very simple and the tool blocKS 
can be varied according to the requirements of the piece part. 

In manufacturing bicycles it is necessary that a great many of 
these parts be produced as cheaply as possible, and at the same time 


201 








20 


TOOL DESIGN 


accuracy is essential. Bicycle wheel hubs are required in large 
quantities Fig 19 shows the rough forgings and the finished hub. 
This job is ideal for an automatic lathe. 



Fig 19 Bicycle Wheel Hubs. Rough Forgings and a Finished Hub 


V 



Fig 20 Tool Setup Showing the Roughing 
Operation Being Performed on a Bicycle Hub 

Courttty of Sundstrand Machine Tool Co , Rockford, III 


Fig. 20 shows the rough forging in place between centers, with 
the two tool blocks that contain the necessary tool bits for the 
roughing operation. This removes all excess stock and brings this 
bicycle hub to the required finishing dimensions. 

Fig. 21 shows the finishing operation being done by a dovetail 
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ROUGHING CUT 

Fig 22 Layout for Rough Turning and Fornung i Bicycle Hub 



flat form tool This takes all dimensions at one time and insures all 
points being in definite relation to each other. 

Pig. 22 is a drawing showing a layout of the tool in the tool 
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block for the roughing operation. The driving mechanism for this 
hub is an air-operated expanding mandrel that is actuated by 
means of a draw rod. This rod operating within the mandrel is 
tapered to suit the corresponding taper on the mandrel. The mandrel 
is split and is similar to a collet chuck. It permits the mandrel to 
expand against the internal bore of the bicycle hub, thereby pro¬ 
viding a means for driving this hub. As you will note from the 
drawing, there would be no way of fastening an ordinary driver to 
the outside diameter of this bicycle hub, as all sections of this hub 
are finished. The production per hour with a tool setup of this kind 
is approximately 48 pieces. 

Fig. 23 shows a layout of the tooling for the finishing operation. 
You will note that in this drawing the dovetail forming tool is 
mounted on the rear slide and the same air-operated expanding 
mandrel is used for this finishing operation. The forming tool 
mounted in the rear slide cuts against the rotation of the work. 
These flat forming tools are similar to circular forming tools; that 
is, they are ground on the cutting face only and do not change their 
form due to grinding. These tools can be designed to meet the needs 
of most jobs; however, there are limits to the length of work this 
type of flat forming tool can be designed to do. 

The inner races for automobile universal joints present a rather 
difficult machining operation. Fig. 24 shows that this piece is ma¬ 
chined all over. The part is drilled and reamed, then the splines 
are broached. The outside diameter is then turned to a radius, then 
the grooves on the outside diameter must be machined. These in turn 
are machined to a radius, as will be observed from the illustration. 

Fig. 25 illustrates a tooling setup for machining the radii in the 
outside diameter of these races. One high-speed steel circular form¬ 
ing tool is mounted on the rear tool slide to rough-form the radii. 
To finish these radii, a high-speed circular forming tool is mounted 
on the front tool slide. The piece part is located in the spindle of 
the machine by means of a center and a compensating driver. This 
tooling layout is shown by Fig. 26. The other end of the piece is 
located by a center in the rear slide of the machine. The production 
per hour on a job of this kind is 39 grooves, or 13 pieces. This type 
of work would be difficult to produce on any other type of ma¬ 
chine at a comparable cost. 
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An automatic lathe is the ideal tool to produce certain parts 
for the aeronautics industry where limits of accuracy have to be 




Pig 24. Rough and Fimshcd Machined Inner Racts for I niMrsal Joints. Left, 
Rough Machined, Center, Semifininhed Ihght, I iniahcd 



Fig 25 Toobng Setup for Machining the Radii in the 
Outside Diameter of the Piece Part Shown in Fig 24 

Courtesy of Sundstrand Afachtne Tool Co , Rockford^ III 


held exbremely close and all dimensions are in definite relation to 
each other. Such a part, an aeroplane hydromatic propeller pilot 
valve housing, is shown by Fig. 27. All roughing operations can be 
accomplished at one setup by means of properly designed tools. The 
finishing operations can then be performed by one additional setuD 
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to obtain the required limits of accuracy; whereas if the job had to 
be done in an engine lathe there would be constant changing of tools 



and it would require considerable time on the part of the operator 
to check the various dimensions, or a large number of gages would 
have to be provided to see that these parts were to the limits required. 

Fig. 28 shows a layout of the tool blocks on the front and rear 
slides of an automatic lathe that completely finishes this part at one 
setup. This tooling consists of six high-speed steel tools carried on 
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Fir 27 Maihined Aeroplane Hjdromatic Prop«lUr Pilot Valve Housing 
Above, RourH, Below, rmibhtd 
( ot(rt( SI/ <tf ^U7uhfri <l \f ufnii* T d Co Rockford III 



Fig 28 Layout of Front and Rear Tool Blocks 
to Finuh Piece Part hhown m Fig 27 at Oru 
Setup 

Courtesy of bundstrand Machine Tool Co , 
Rockford, III 
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the front tool slide to turn four diameters. The feed travel on this 
slide is from right to left. One high-speed steel facing tool is carried 
in the right-hand rear tool block to face the right-hand end to the 
proper length, and one high-speed steel chamfering tool is carried 
in the right-hand rear tool block to chamfer the right-hand corner. 
There are two high-speed steel straight shank form tools carried in 
the right-hand rear tool block to form tv/o sections of this part. 
Then in the other tool block, mounted on the rear cross slide, are 
four high-speed steel grooving tools carried in a magazine tool block, 
which in turn is located in the left-hand rear tool block to machine 
the four grooves required on this piece. This is a good example of 
what proper designing of tools can accomplish for a part of this 
kind. Other similar parts can be tooled in the same manner. The 
magazine type tool block, as specified, consists of a three-sided 
section of steel, similar to a box without ends, so that the grooving 
or cutting-off tools can be mounted with the proper spacers and 
inserted in the block itself as a unit. 

Fig. 29 is a layout showing the usual setup for producing this 
part. The arrangement of the various tools is clearly shown and this 
part is mounted on a mandrel that has fingers extending from it to 
the driver to rotate the work. These fingers are located in ribs on 
the part. 


CHUCKS AND CHUCK JAWS FOR TURRET LATHES AND 
AUTOMATIC LATHES 

The use of chucks on automatic lathes, drill presses, planers, 
boring mills, and turret lathes has increased during the past few 
years to a point where it would be almost impossible to design tools 
for some df these machines without using chucks and standard and 
special chuck jaws. 

A chuck is a device for holding the work or tools securely and 
rigidly so as to permit various machining operations. There are 
various types and classes of chucks and, in addition to the machine 
tools already mentioned, there are various types of special machines 
to which chucks can be adapted and used. 

Tool-holding chucks are those used for holding drills, reamers, 
taps, and special multiple-operation tools. 
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Independent Chucks. This iig a chuck in which each individual 
jaw for holding work is moved in or out across the face of the chuck 
body by means of a screw. These chucks may have two or more 
jaws, depending on the size of the chuck and the size of the work 
piece to be held. The usual type of independent chuck is made with 
four jaws so that almost any type of work piece of irregular shape 
or form may be held securely. 

Self«centenng Chucks. This type of chuck has two, three, or 
four jaws that are operated simultaneously by means of a scroll 
located in the body of the chuck and operated by a screw or by 
means of a rack gear and screws. 

Combination Chucks. A chuck of this type combines the fea¬ 
tures of both the independent and self-centering chucks. The jaws 
to liold the work may be moved to or away from the work piece as 
in an independent chuck, or moved to and from the work piece by 
means of a scroll and pinion, or by means of rack gears and pinion 
screw, and when tliey are moved will maintain a common center. 
This type of chuck may have either three or four jaws and is in¬ 
tended for use in liolding work pieces of any irregular shape or 
outline. 

Face Plate Boring*Mill Jaws. This i.> a self (ontained jaw 
mounted in a body in which are fitted thrust bearings and operating 
screws for moving the jaw to and away from the piece of work. 
These bodies are designed so tliev can be attached to face plates 
and tables of boring mills, planers or planer type milling macliines. 

Power Chucks. On large pie(‘es of work which are handled by 
means of a crane, power chucks are used. In some cases this type of 
chuck is used where it is necessary to grip the work very tightly; 
power chucks are found to be less fatiguing than manually operated 
chucks. Power chucks are operated by air, hydraulically, or by 
electric motor. The power element is mounted with a suitable 
adapter on the spindle or is self-contained within the machine. A 
drawbar within the machine spindle has one end designed to be 
connected to the power element, while the other end is connected 
to the chuck jaw-operating means. 

All chuck backs are designed so that suitable means can be 
provided for attaching them to the various machines on which they 
are to be used. 
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Chuck Body. This is the part in \\hich tlie operating mean« or 
mechanism is contained and on which arc jaws which may be moved 
m or out for holding the work piece 



I IK 30 Turret Lathe Completely Tooled for a VanrCy < f W rl 
Courtarn of h OBter Machine Co Elkhart hd 



Tig 11 rio8c-up \ low of Turret Lathe Tooled for Machining V-Belt Pulley 
C mrtt^y of foster Machine Co FUhart Ii d 


Body hront This is the part which cairics the jaws when the 
body IS designed and made of more than one piece oi section 
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Body Back, This is the section of a ciiuck which encloses the 
jaw-operating means and is designed to fit the machine spindle. 

Chuck Jaws. Standard jaws are suitable for holding a great 
variety of types of work, but in many instances special jaws are 



Fig 32 Wrenchless Chuck 
Courttsy of Foster Machine Co , Elkhart, Itui 


necessary. The tool designer in designing jaws must take into con¬ 
sideration the type of chuck available, the design of the work to be 
chucked, and whether the piece can be gripped on the outside or 
whether it is neccsvsary to design the chuck jaws so that the gripping 
action will take place on the internal section of the work piece. 

Outside Step Jaws, These jaws are designed to hold the work 
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pieces by gripping on the outside only. The design is such that tlic 
jaws cannot be reversed. This type of jaw is highest at the outside 
diameter of the chuck body. 

Inside Step Jaws. This type of jaw is designed to hold the work 
by gripping the inside only. This jaw is highest at the center of 
the body of a chuck and is designed so that it will also hold rods 
or shafts that arc inserted through the center hole of a chuck body. 
This jaw cannot be reversed in the chuck. 

Jaws are designed for various chucks *^0 that they can readily 





ff. 


i 
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Fig 33 Chuck Adapted to Turning Automobile Axle 
Housings 

Courh'ty of Foster Machine Co , EU hart Ind 


be mounted on a master jaw contained in the chuck body. These 
special chuck jaws can be designed and made so that they will fit 
the needs of the particular job they are intended for. Some of these 
jaws are made with the gripping surface serrated to hold the work 
more securely. Inside step jaws are usually hardened and ground. 

Sizes of Standard Chucks. Chucks for automatic lathes, mill¬ 
ing machines, boring mills and turret lathes are regularly furnished 
as standard in the following sizes: 6, 8, 10, 12, 15, 18, 21, 24, 28, 32, 
and 36 inches. The outside body diameter of a chuck is in accordance 
with the size of the chuck in inches with the exception of the 6-inch 
size which is 6^ inches, and the 8-inch size has a body diameter 
of 8^ inches. The tool designer can readily adapt chucks to hold 
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work pieces of almost any shape. It is very inexpensive tooling be- 
cause, once a chuck ha‘^ been purchased, various types of jaws can 
be designed and made for holding a great variety of work. 

Fig. 30 illubtratc'^ a turret lathe completely tooled. It is 
equipped with a chuck and jaws for machining a V-belt pulley. 
This turret lathe is albo Ubcd for a number of other jobs, and a 
group of these chuck ja^As is shown immediately in front of this 
machine. Thi^ i'^ a good illustration of the wide adaptability of 
chucks for u^c on machines of this type. This same type of chuck 
can be U'sod readily on an ordinary engine lathe 



I'lji 34 Index Chuck for Machining Differcntml Si)i(l( r** 
( inith'^y of Fosttr Machine Co , KU hart, Itul 


Fig. 31 i^ a clo^eup mcw oi the chuck and the aiiangement of 
jaws for gripping a V-belt pulley or sheave. Note that these jaws, 
which are three in number, grip the work on the inside. The'face of 
each chuck jaw’ serrated and a ‘^lot is cut into each jaw to permit 
the arms of the pulley to clear Also, these jaws wTre relieved in 
this manner to permit the work to be located a^ near the face of 
the chuck as possible; thi‘- i^ to prevent any unnecessary springing 
and to reduce overhang. 

For certain types of job^ a wrcnchless chuck is frequently used. 
This allows fast operation and it is only necessary for the operator 
to pull the lever down to lock the chuck jaws in position and grip 
work securely; to release jaw^s, push lever in opposite direction. 

Fig. 32 illustrates a wTcnehless chuck with three equalizing jaws 
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for gripping truok wheels on a second operation. The rear aide of 
the truck wheel was bored and faced in a previous operation. This 



I ig S') CloBC-up View of Tooling on Turret Lathe for Machining Difft rential 

Spiders 

Courtesy of Foster Machine ( o Elkhart Ind 


means that the wheel must be chucked so that the machining on 
the second operation is in perfect alignment with the previously 
machined surfaces. The wheel is located on a pilot mounted on the 
central portion of the chuck. The jaw pressure is equalized bv 


.216 




34 


TOOL DESIGN 


means of a floating ring which makes it possible for the jaws to 
grip on a rough or unfinished surface Note the tapered pilot for 
locating the wheel The design of jaw shown here illustrates the 
^ersatlllty of chucks of this type 



36 Wrenthless Chucks Equipped with Special Jaws These Chucks Are 
Used in Drilling Operations 



Fig 37 Wrenchless Chucks with Special Jaws for Holding Parts of 
Irregular Shape For Drilling or Milling Operations 

Courtesy of Foster Machine Co hlUuirt Ind 


For machining automobile axle housings, a chuck designed 
similar to Fig 33 can be used This chuck is also equipped with 
equalizing jaws, and note that these jaws are pi\oted so as to 
permit the work itself to act as a centering device When pressure 
is applied on the jaws, they grip the woik e\enly and hold it se¬ 
curely in position for the machining operation® 

On special automatic machines that are used for producing 
work in large quantities (such as differential spiders for tractor 
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Tongue-and-Qroove Type, Power-Operated Chucks for Turret and Automatic Lathes 
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Fig 38B Dimensions for Chucks Shown in Fig 38A 
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Fig. 39A. Design for Medium-Duty Hand-Operated Chucks 









Medium-Duty dand-operated Chucks 

_ Body 
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Medium-Duty Hand-operated Chucks—Cont’d. 

Top Jaw 


Sise of chuck, in. 

6 

8 

10 

12 

15 

18 to 36 

7*/-! length nf jftw , in. 

2H 

IH 

3H 

3H 


5 

5 

Tj-2 Center to center bblt holes, in_ 

TJ-3 Bolt center to short bite end, in.. 



2H 

3 

3 

H 



••/i« 

H 

H 

TJ-4 Bdt center to edge of key, in... 
TJ-5 Width of cross key, in..| 

Ah 

-.001 

.499 

-.001 

.7^ 

-.001 

A 

-.001 

-.001 

-.001 

TJ-7 Bolt center to long bite end, in... 


H 

A 

-.002 

1 

IH 

-.002 

TJ-8 Width of tongue slot, in.| 

..3155 

-.002 

..3155 

-.002 

.503 

-.002 

.503 

-.002 

TJ-9 Depth of tongue slot, in. 

TJ-11 Depth of cross key, in. 



“ft 




TJ-12 Drill sisc for Ixdt^ in. 



”/6 

*•6 



TJ-14 Depth of C’bore long bite end, in.. 

'•/til 


"/6 

TJ-15 Depth of C’bore short Inte end, in. 


••/6 




•‘/6 

TJ-16 C’boffe for bolt head, in. 






l'/6 


Fig. 39C. Dirnen.sions for Chucks Shown iii Fig. 39 V 


manufacturers) a two-jaw chuck as shown by Fig. 34 is frequently 
used. You will note from this illustration that the four-arm spider 
is gripped in a wrenchless chuck by means of special jaws which 
are designed so that they will index the work piece. The first arm 
of the spider is rough turned, faced, and drilled at one position in 
the turret and the front cross slide of this special machine. The 
arm that has been roughed is then finished with the second position 
of the turret and the rear cross slide of the machine. As the turret 
of the machine returns for indexing, the four-arm spider is auto¬ 
matically indexed in the chuck and the subsequent operations take 
place on each arm until the differential spider is completed. 

Fig. 35 illustrates a top view of this machine with tools in place, 
and the rough and finished forgings of the four-arm spider are shown 
on the bed of the machine. 

In drilling small pieces of irregular shape that are difficult to 
hold in ordinary jigs, wrenchless chucks equipped with special step 
jaw^s are used in conjunction with drill presses. Fig. 36 illustrates 
three 2-jaw wrenchless chucks with special step jaws for machining 
pipe fittings and brass water faucets. This is a very good illustration 
of the variety of work that can be handled in chucks, provided the 
Jaws are of correct design. These chucks, in combination with spe¬ 
cially designed step jaws, are capable of increasing production con¬ 
siderably, which will reduce the cost of tooling. 

On high-production jobs where there are large quantiti<Js of 
small parts, chucks can be designed with special jaws so as to ac¬ 
commodate a number of pieces. Fig. 37 illustrates a design of chuck 
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!§ ANO 2t klASreit MW 14 MASTER JAW 

Fig. 40A. Design for Hand-Operated Tongue-and-Groove Heavv-Duty Chucks for Use on Heavy-Duty Turret and Automatic Lathes 



















Hand-operated Tongue-and-Groove Heavy-Duty Chucks for Use on Heavy-Duty Turret and Automatic Lathes 
_In this Table, B =Body; MJ = Master Jaw; TJ =^Top Jaw_ 
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Fig. 40B. Dimensions for Chucks Shown in Fig. 40A 
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ed 

I 

d 

4 
1 
*0 

5 
iS 

B-1 Duun of body, in 

B-2 Duun of Bangs, m 

B*3 Pdotdiam,in 

B-4 Center hole, in 

B-6 Dei^ of pilc^ hole, in 

B-6 Radius of b<dt circle, scroll chucks, in 

B-B Radius of bolt circle, for power and ind chucks, in 

B«7 Drill sise for bolts, in 

B-8 Bolt No scroll chucks, 3-jaw 

B-8 Bolt No power chucks 3-jaw 

B>9 Bolt No independent chucks 

B-0 Bolt No scroll chucks, 4-jaw 

B-10 Radius of drive button hole, in 

B-11 Diam of drive button hole, in v 

B-12 Depth of dnve button hole, in 

B-13 Chamfer, in 

B-14 Chamfer, in 

B-17 Width of throat, in 

B-18 Width of key slot, in 

B-19 Depth of throat, in 

B-20 Depth of key slot, in 

B-21 Pilot bar diam for power chucks, in 


a 

i 

o 

*0 

1 

MJ-8 Width of tongue slot, in 

MJ-11 Depth of tongue dot, in 

MJ>23 Width of jaw, in 

MJ-24 Width of throat, in 

MJ*25 Width of key slot, in 

MJ*26 Depth of key dot, in 

MJ-27 Depth of throat, in 
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Ii\g 41B Dimensions for Chucks Illustrated in Fig 41A 
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Serrated Jaw Heavy-Duty Chucks, Power and Hand-operated—Cont’d. 


Master Key 


Sise of chuck, in. 

15 

18 

21 

24 

MK-5 Length of key, in. 

MK>22 Siie of screw, in. 

MK-23 Width of key. in. 

1.4375 - .001 
HxH Fil. Hd. 
2H 

1.4375-.001 
hxH Fil. Hd. 
2H 

1.4375 -.001 
HxH Fil. Hd. 
2Ji 

1.4376-.001 
HxH Fil. Hd. 
2H 

Sise of chuck, in. 

28 

32 

36 


MK>$ Length of key, in. 

MK-22 Sise of screw, in. 

MK>23 Width of key, in. 

1.4375 -.001 
HxH Fil. Hd. 
2H 

1.4375 - .001 1 
hxH Fil. Hd. 
2H 1 

1.4375 -.001 
HxH Fil. Hd. 
2H 



Reversible Top Jaw 


Sise of chuck, in. 

15 

18 

21 

24 

TJ-1 Length of jaw, in. 

TJ>3 Center to center bolt holes, in.. 
TJ-3 Boltcentertoshortbiteend.in. 
TJ-4 Boltcentertoedgeofkeyslot.in. 

TJ-5 Width of key slot, in. 

TJ-7 Bolt center tolong bite end, in. 

TJ-8 Width of tongue, in. 

TJ>0 Depth of key slot, in. 

TJ'll Depth of tongue, in. 

1^-12 Drill sise for bolts, in. 

TJ-22 Tapped holes.in. 

TJ-23 Width of jaw, in.... 

4U 

2h 

H 

1.4375+.001 

1 

.998 -.003 
.375+ .001 

*^+16^0-2 

2H 

4H 

2H 

H 

17 ^ 

1.4375+ .001 

1 

.998 -.003 
.375+ 001 

2H 

r>H 

3 

IH 

1.4375+ .001 
IH 

1.248 -.003 
.375+ 001 

‘ M 
**/» 

»^-16NC-2 

2H 

IH 

1.4375+ .001 
IH 

1.248 -.003 
.375+ .001 

»^-16^C-2 

2H 

Sise of chuck, in. 

2_8 

5 h 

H 

IH 

1.4375+ .001 
IH 

1.248 - .003 
.375+ .001 

5^-16Sc-2 

2U 

32 

1 36 


Tj-l Length of saw, in. 

TJ-2 Center to center bolt holes, in. 
Tj-S Boltcentcrtoshortbiteend.in. 
TJ-4 Boltcenter toedgeof key slot, in. 

TJ-5 Width of key slot, in. 

TJ-7 B(^t center to long bite end, in. 

TJ-8 Width of tongue, in. 

TJ-9 Depth of key slot, in. 

TJ-11 Depth of tongue, in. 

TJ-12 Drillsisefor bolts, in. 

TJ-22 Tapped holes, in. 

TJ-23 Width of jaw, in. 

5H 

3 

ih 

1.4375+ .001 
IH 

1.248 - .003 
.375+ .001 

»«-l6Sc-2 

2H 

5H 

3 

IH 

1.4375+ .001 

1 H 

1.248 -.003 
.375+ .001 

H-16KC-2 

2H 





Jaw Nut 


Sise of chuck, in. 

15 1 18 1 

2l 

24 

JN-1 Length of nut, in. 

JN-2 Centertocentertappedhole8,in. 

JN-12 Tapped holes, in. 

JN-25 Width of nut, in. 

JN-26 Depth of nut, in. 

3h 

Ji-lONC-2 1 

3H 

2H 

H-lONC-2 

IH 

“+6=^'44 

4V« 

3 

H-9NC-2 

4’i 

3 

>^-9NC-2 

“Ye =*=‘44 

Sise of chuck, in. 

28 

32 

36 


JN-1 Length of nut, in. 

JN-2 Centertocentertappedhole8,in. 

JN-12 Tapped holes, in. 

JN-2S Width of nut, in. 

JN-26 Depth of nut, in. 

4 Ik 

3 

^-9NC-2 

41k 

3 

^-9NC-2 

1116**^ 

'•w 

4 ’46 

3 

J4-9NC-2 

1 ’+6 =*= 



Fig. 41C. DimcuKiuu.*) for Chucks Illustrated in Fig. 41A 


for holding three pieces at one time. These jaws arc capable of 
being individually adjusted, and the chuck itself is mounted on an 
index table so that the pieces will be in direct line with the spindle 
of a drill press. Note that the.«c chuck jaw’s are serrated so as to 
prevent slipping of the work in the chuck jaw. 

To design jaws for various types of chucks, it is necessary that 
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Medium-Duty Two-Jaw Wrench-operated Chucks for Turret and 
Automatic Lathes 


Body 


Siie of chuck, in. 

6 

1 8 1 

1 *'o 1 

tt5 

B-1 Dimn.of body.in. 

B-2 Dium. of flange, in. 

B-3 Pilot diam.in. 

B-5 Depth cf pilot hole, in. 

B-5 Radius of bolt circle, in. 

B-7 Drillaise for bolts,in. 

B-8 Bolt numbers, in. 

B-10 Radius of drive button hde, in- 
B-11 Diam. of drive button hole, in.. 
B-12 Depth ofdrive button hole,in.. 

B-I3 Chamfer,!n. 

B-14 Chamfer,in. 

§11 

4.1875 -.0005 

2H =^.006 

4-5-10-11 
‘2^g *.003 
+.U04 

'W 



15 

5.500-.0005 

3H*.006 

1 its 

\ 9-10-11 

3H ^.003 
•>.4i-f.004 
% 

% 


*k 12-inch chuck with a 12-inch body diameter is also made. Other dimensions are the same as shown in 
this cdumn. 

tAn 18-inch chuck with an 18-inch body diameter is also made. Other dimensions are as shown in this 

column. 


Master Jaw, Slip-Jaw Type 


Sise of chuck, in. 

6 

8 

10 

12 

15 

18 

MJ-27 Length of horn, in. 

.625 

-.001 

*46 

A 

-.001 

■4 

H 

.625 

-.001 

**44 

% 

2 

2 

.tSo 

-.001 

**44 

*•44 

2H 

2 

A 

-.001 

•*4i 

"it 

3 

2 

A 

-.001 

”44 

**4i 

H 

MJ-30 Center to center bolt holes, in_ 

MJ-31 Bolt center to face of jaw, in. 

MJ-32 Width of tongue slot, in.| 

MJ-33 Drill nse for bolts, in. 

MJ-34 Chore for bdt hetui, in. 

MJ-36 Face of jaw to face of chuck, in.. 
MJ-36 Depth of V-groove, in. 


Fig. 42B. Dimensions for Chucks Shown in Fig. 42.\ 


the tool designer have some standard to guide him, as all of these 
chucks are made in accordance with the standards of the American 
Standards Association. Fig. 38A is the design of tongue-and-groove 
type, power-operated chucks for turret lathes and automatic lathes; 
Fig. 38B is a table giving dimensions. The tool designer can refer 
to these figures and readily design jaws suitable for the work piece. 

Fig. 39A is the design for medium-duty hand-operated chucks. 
The tables presented as Figs. 39B and 39C contain all the necessary 
information to enable the tool designer to adapt the size of chuck 
and design jaws suited to the job required. 

The drawing on Fig. 40A and the table on Fig. 40B contain all 
necessary data and information for hand-operated tongue-and- 
groove type heavy-duty chucks. 

Fig. 41A is the design, and Figs. 41B and 41C are the tables, 
showing power and hand-operated heavy-duty chucks with serrated 
jaws. The table contains all the necessary information for the tool 
designer so that he can design special jaws that can readily be 
adapted to chucks of this type. 
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Figs. 42A and 42B are the design.and table of dimensions for 
medium-duty two-jaw wrench-operated chucks. This type of chuck 
is extensively used in metalworking plants on turret lathes and 
automatic lathes. 


TURRET LATHES 

Designing tools for use in turret lathes is something of a 
specialty. This type of machine tool is used for an infinite variety 
of work in the average metalworking plant that is equipped with 
these machines. There are many different types of turret lathes, 
but they can be classified under two main groups: the horizontal 
and the vertical. Horizontal turret lathes are the most widely used 
and can be subdivided into two groups; namely, chucking machines 
and bar machines. Chucking machines grip the work in chucks, 
collets, or specially designed fixtures, or on face plates. The bar 
machines are somewhat similar and are basically the same as 
chucking machines except that the bar machines have large bores 
in the spindle to accommodate a long bar of material entirely 
through the headstock of the machine. The tools for the chucking 
machines and the bar machines are somewhat similar, although in 
the bar machine it is simpler to design tools so as to obtain con¬ 
siderable rigidity. It is apparent to the tool designer that in the 
cliucking machines a somewhat different problem exists, as there is 
often considerable overhang of the work due to the nature of the 
design of the work piece, such as forgings, castings, etc. 

It is necessary for the tool designer, in designing tools for 
eitlier bar or chucking machines, to keep in mind the fact that these 
tools must be designed to be as strong as possible in order to obtain 
the necessary rigidity. It is essential that the tools be as simple as 
they can be made, to avoid difficulty in resetting thepci after grinding. 
The tools for turret lathes of all types are similar to those used on 
a wide variety of other types of machine tools. The same cutting 
principles apply to turret lathes as to engine lathes, milling ma¬ 
chines, boring mills or any other type of machine tool. 

Fig. 43 illustrates a turret lathe completely tooled. It will be 
noted from this illustration that tools are mounted on the front and 
rear cross slides. All six holes in the turret have been equipped with 
various types of tools. A chuck with jaws is mounted on the head- 
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stock end of this turret lathe, and it will be noted from the design 
of the chuck that these jaws are arranged for gripping the work on 
the outside diameter. 

The turret lathe can produce repetitious work very rapidly. 
For example, on a casting the cross slide can be u«ed to feed across 
the face of the work while the drill in the turret is drilling the 
center hole. The various other tools mounted in the turret may be 
used in rapid succcs^^ion to complete the piece at one setting. This 
is an outstanding advantage over the engine lathe where, for ma- 



Fig 43 Turret Lathe Completely Tooled 
Courtesy of Jones it; Lamson Co , Springfield, ^ t 


chining the same type of casting, usually only one tool can work at 
a time. The casting could be chucked in the engine lathe and a 
single-point tool bit used to face off the front end of the casting. 
If it were necessary to drill a hole through the center of this casting, 
the tailstock \vould be used to hold a drill chuck that would fit the 
quill of a tailstock. This tailstock containing the drill and chuck 
would be moved up close to the work, and the tailstock locked in 
position on the bed of the lathe; then the drill would be fed forward 
by means of a screw in the tailstock. In some instances in engine 
lathes it would be necessary to reset the piece one or more times, 
in addition to changing tools, to complete it. It therefore can readily 
be seen that a turret lathe is the machine to use for certain types 
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of productioD work because practically all the necessary operations 
can be performed in one setup. 

In designing tools for turret lathes, the design of the piece 



Fig. 45C. Details of the Design Shoa n in Figs. 45A and 45B 


part is carefully analyzed to see whether it would be more suitable 
for production on a turret lathe or on some other type of machine. 
After it has been decided that the job is to be produced in a turret 
lathe, the piece part is again carefully checked to see what opera¬ 
tions will be performed. When it is determined that certain opera¬ 
tions on this work piece are going to be tooled, the job is routed 
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Fig. 46B. Bill of Materials for Boring Bar Shown in Fig. 46A 


to the turret lathe of the correct size and type, the operations are 
numbered, and a tool layout is made. 

In tooling a part for production in a turret lathe, a careful 
analysis is made of the operations required, to see that it is practical 
to do the work in a machine of this type. Fig. 44 is a steering clutch 
hub for a track-laying tractor. This part is made of a gray iron 
casting and must be accurately finished to size. The tool designer 
makes a layout of the various tools required to machine this part 
for the operations specified. This tool layout must take into con¬ 
sideration the type of turret lathe that is going to be used, and the 
number of ports in the turret. On the layout, shown in Figs. 45A 
and 45B, this machine has five positions in the turret; therefore the 
tool designer has to take this fact into consideration in designing 
the tools. This tool layout shows the outline of the piece part so 
that it can readily be determined how the tools will operate. The 
piece part is chucked in the machine by means of special jaws that 
are mounted on the master jaws of the chuck. (These special 
chuck jaws are shown in the tool layout.) The chief tool designer 
and production man will go over this tool layout to see if all re¬ 
quired operations are covered. 

After the tool layout has been approved, the tool designer pro¬ 
ceeds with the designing and detailing of individual tools. 

First Position. Tools for the first position (see Figs. 46A, 46B, 
47, and 48) consist of a single-point boring bar that roughs and 
counterbores the center bore, and rough faces surfaces C and D on 
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Fig. 47. Tool for Hough Turning Surface A Shown in Fig. 45A 
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Fig. 49. Desi-n of Borin® Bar with Four Chamfering Tools for Use in Third Position of Turret Setup Shown in Figs 46A and 46B 
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Too! for Finishinic the Outwcle Diameter of Piece Part. Used in Third Position of the Turret Setup Shown in Figs. 4oA and 4oB 
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the internal section of this work piece. The surface A is rough turned 
by a tool shown in detail in Fig. 47. Another separate tool shown 



in detail in Fig. 48 is used for rough turning surface B. You will 
note from the design of this bar that the details S and 4 shown on 
Fig. 46A are an adjustable stop for setting this bar to the correct 
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¥1g. 52B. Bill of Materials for Tool Shown in Fig. 52A 


depth of cut. The tool bits are designed so that they can be adjusted 
individually to obtain the correct dimensions; that is, diameter and 
depth. 

Second Position, The boring bar used in the second position 
in the turret is like the one used in position 1 ; the only difference 
being that the tool bits are set for the finishing cuts; otherwise, 
both bars are identical. This design of bar is frequently used in 
turret lathe practice. Its outstanding advantage is its low first cost, 
although this design offers some difficulty in resetting tools when 
it is necessary to regrind them after they have become dull. 

In addition to the bar a single-point tool holder, shown in 
Fig. 48, is required for finish turning surface B. Note the adjustable 
stop {8 and 9 of Fig. 48) provided on this holder so that it can be 
set in the correct position. 

Third Position, The third position in the turret requires a 
boring bar that will chamfer the various sections on the work piece 
where these operations are called for. There are four chamfering 
tools mounted in this bar. These tool bits are provided with adjust¬ 
ments and means for locking them in position. Fig. 49 illustrates 
this tool. This design of bar is very efficient and is one of the best 
means of performing cliamfering operations on work of this kind. 

Fig. 50 shows details of a tool used in this position for finishing 
the outside diameter of this piece part. The design i«! somewhat 
similar to the other tool holders described. 

Fourth Position. For machining the bottom section on the inside 
of this work piece, a special trepanning tool holder. Fig. 51, is used 
in the fourth position of the turret. This special trepanning tool is 
/oade with two inserted blades which are adjustable so that they 
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can be reset arid reground when they become dull. This type of 
tool finishes the inside recess or grooves. 

Fifth Position. Figs. 52A and 52B illustrate the design of a 
special floating reamer arbor. This arbor has been designed so as 
to permit the multiple flute reamers to align themselves with the 
previously bored holes. Fig. 52A clearly shows the design of this 
floating section of the reamer arbor. 




Fig. 53. Front Tool Block to Rough-Face Steering Clutch Hub Shown in Fig. 44 


Figs. 53 and 64 illustrate the tool blocks for the front and rear 
cross slides. These tool blocks rough and finish the face of the work 
piece. You will note from the design of these blocks that each is 
made in two sections. The lower section has a slot milled in it to 
accommodate the tool bit. Attention is called to the wavy lines 
which appear under the two dimensions at the left of the lower 
section on Fig. 53. These lines indicate that the dimensions are 
correct and are to be followed, although they were not used in the 
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drawing. The cover plate is welded in position ,and clamps the 
tool bits. This is very good construction and it is much simpler 
to design a tool block in this way than to have the slots completely 
through a solid block of steel. This is a typical turret lathe tool 
design and the one most frequently found in the average metal¬ 
working plant. 



Fig. 54. Rear Tool Block to Finish-Face the Piece Part Shown in Fig. 44 


TOOL BLOCKS 

A wide variety of tool blocks can be designed for use on auto¬ 
matic turret lathes and special double-end machines. Fig. 55 illus¬ 
trates a multiple tool block for an automatic lathe. This block con¬ 
sists of three parts: the body, the cover plate, and the back-up 
screw block. By referring to Fig. 55 it will be noted on the left-hand 
side of this drawing that a layout has been made of the work piece, 
and tools are shown, consisting of two flat grooving tools, a flat 
form tool that cuts a groove and chamfers the shoulder on tiiis 
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work piece (which is a shaft). Another forming tool is furnished for 
machining a radius, then tools for grooving and chamfering, and 
an additional form tool. By use of this combination of tools it is 
possible to machine all the required dimensions and steps by feeding 
this tool block at right angles to the work piece. This type of block 
has been designed with a dovetail to match the dovetail on the rear 



MATERIAL S.A.E,^~ 1020 C.R.STCEL 
/-REO^O, 

Fig. 56. Back-up Screw Block for the Design Shown in Fig. 55 


slide of the automatic lathe. On one side of this dovetail, four %"-13 
thread holes have been drilled and tapped for socket set screws 
which clamp the tool block in the correct position on the rear cross 
slide. It will be noted from the design that the slots for the tools 
are milled entirely through the base of the tool block. For mounting 
the cover plate, 9 holes are drilled and tapped for socket 

head cap screws, and a section at the rear of the tool block has 
been milled to provide for the insertion of the back-up screw blocks 
which are shown by Figs. 66 and 57. These back-up screw blocks 
are mounted in the base of the tool block by means of five socket 
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set screws. Back-up screws are used to prevent the various cutting 
tools from slipping away from the work due to the pressure of the 
cut. This is a very good design where it is required to have an 



accurate tool block, as it can be disassembled easily and in the evenx; 
any inaccuracies develop, due to wear, these can be corrected by 
the use of shims or by remachining. 

Fig. 58 is a layout of tool blocks machining a work piece in 
an automatic lathe. These tool blocks are somewhat similar to 
Fig. 55, but the construction is different in that these tool blocks 
do not have inserted back-up blocks for the reason that a section 
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of the block itself is milled away and it is very simple to insert 
back-up screws through the rear portion of the tool blocks. In tlie 
design it will be noted that the six tools on the front tool block are 
for machining various steps and dimensions required on the outside 
diameter of this work piece, and this block has a longitudinal feed 
from right to left. The rear tool block feeds in at right angles to 
the axis of the work, and forming, chamfering, grooving and facing 



Fig. 58. Layout of Tool Blocks Machining a Piece Part in an Automatic Lathe 


tools complete the work piece. The flat form tools in the rear tool 
block are of a double-end design; that is, the forms are machined 
in both ends of these flat tools, so that if one end becomes dull it 
is only necessary to reverse the tool in the tool block and continue 
machining. When both ends have become dull, the flat forming 
tool is exchanged for a new tool that has been ground ready for use. 

DOUBLE-END FLAT FORMING TOOLS 

Considerable time can be saved on machining operations by 
using a double-end flat forming tool. Fig. 59 illustrates such a tool 
designed to be used with a suitable holder. This type of tool is 
somewhat similar to a circular forming tool; that is, both ends of 
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the flat forming tool are carefully machined and ground, and to re¬ 
sharpen a tool of this type it is only necessary to grind it on the 
top. This prevents any change in the form or contour of the tool. 
In using a tool of this type, resetting the tool to suit the work will 
compensate for the amount ground off on the top of the tool. This 



CUTTING £DC£S IN THIS Afl£A 
Fig, 59. Double-End Flat Forming Tool 

type of tool, either in a tool holder or in a tool block, will have 
increasing use, due to the fact that little time is lost in resharpening 
tools. 


TOOL HOLDERS 

A method of holding a flat forming tool is shown by Fig. 60. 
This is a simple design of flat forming tool, and the holder is made 
with an angle to accommodate the angle on the back of the tool. A 
groove is machined in the side of the tool to accommodate the 
clamping screw. This type of holder permits rapid adjustment of 
the tool. 

On automatic lathes and screw machines it is desirable in many 
instances to have the cutting tool mounted on the rear cross slide. 
This type of tool holder permits a cut to be taken on the upward 
rotation of the work piece instead of at right angles to the axis of 
the work piece. Fig. 61 illustrates a tool holder of this type. The 
flat forming tool is made with a dovetail to fit in the dovetail groove 
of a tool block. This section in the tool block has a slot milled 
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Fig. 61. Tool Holder for Mounting on tbe Rear 
Cron Slide of an Automatic Lathe or Screw Machine 
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through it, and a clamping screw is inserted in this portion of the 
block to clamp the tool in the correct position. The back-up screw 
is provided at the top of the block to prevent the tool from moving 
out of adjustment. This design of tool holder permits rapid ad¬ 
justment of a cutting tool so that it can be used for various diameters 
of work. The tool holder is located in the cross slide by means of 
keys similar to those on a milling fixture. 

For holding circular forming tools, a holder similar to Fig. 62 
has been designed. This type of holder is used to hold two circular 



forming tools that have serrations on the side of the cutter^ serra¬ 
tions which are radial from the center bore of the tool. The matching 
serrations arc machined on an adjusting arm in the tool holder. 

Each circular form tool is clamped to the base of the holder 
by means of a stud and clamping nut. Each tool has an adjusting 
arm which is mounted to tlie tool-holder base by means of a stud 
and adjusting nuts which are located on the stud above and below 
the adjusting arm. Circular forming tools on a tool holder of this 
kind can always be adjusted to the center of the work piece by 
loosening the clamping nut on the stud on which the circular forming 
tool is mounted, and then adjusting the arm. In this illustration is 
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shown a pair of such tools for machining the groove and the end of 
a shaft. This same design can also be used for one or «5everal circular 
forming tools if it is desired 

TOOLS FOR SPECIAL PURPOSE MACHINES 

It is sometimes a real problem to design tools to produce pipe 
fittings in the large quantities required Fig 63 illustrates an elbow 
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Fir 03 Elbow Pipe Fitting, or Ell, of Forged Steel Left, RourIi Eorging, 
Right, l«imuhed Elbow 

Courtesy of W h it John Barnes Co , Rockford 111 



J iR 01 Forged St<H 1 PiiH, 7<c left Rough Forging Ri^ht I iniditd Ttc 
( mrleny ffWh t J)hn Barnes C) Rnlf t I III 

pipe fitting, or ^^llat i** Mimetimes termed an dl TIih photograph 
sho\\s tlie rough forging and the finished elbow Another type fitting 
that also required in large quantities is the tee f ig 64 illustrates 
the rough forging and a finidicd tee and, due to the fact that these 
are produced in the various pipe sizes, it desirable to have a 
machine with a fixture that is capable of handling all of thc«c 
various sizes 

These particular ells and tees are made from Milid ‘^teel forgings. 
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This means that a considerable quantity of metal must be removed, 
but the bores must be in perfect alignment and clean threads are 
absolutely essential; that is, the threads must be correct in angle 
and with commercial tolerance on lead, and there cannot be any 
ragged tears on the sides of the thread angle. These forged tees and 
ells for high-pressure hydraulic and steam applications are produced 
in sizes from up to and including 2" pipe size. Some of these 
tees and ells are made so that they are of the slip-on type; that is, 
they are slipped over the pipe and then welded into place. These 



F>g. 65. Special Multiple^pindle Hydraulic Machine for Dnlling and Tapping Forged Steel 

Pipe Fittings 

Courtesy W F A John Barnes Co , Rockford^ III 


arc drilled, core drilled, counterbored and faced The ^crewed type 
pipe fittings are drilled, core drilled, taper reamed, chamfered, and 
tapped to the correct thread size The machine for producing these 
parts is illustrated by Fig. 65 

The main design factor contributing to the required accuracy 
in drilling and tapping is the work-holding fixture on this machine. 
The tees and ells are not relocated between the machine operations, 
but are indexed in a turret type fixture mounted on an indexing 
drum. This design permits machining of the fittings without im- 
clamping and relocating the work, thereby producing opposite bores 
in the same plane and in exact right angles to one another. The 
fixture on this machine is of the trunnion type and consists of four 
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Fig. 66. Sequence of Operatioue to Fininh Pipe Fittings 
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stations that are hydraulically indexed. It has a turret for holding 
four fittings mounted on each one of the four stations. After the 
trunnion fixture is indexed, the turret is manually indexed so that 
one completely machined fitting is unloaded with each index of 
the trunnion fixture. These parts are held in the turret fixture by 
means of replaceable form jaws. The jaws of course must be made 
to fit the particular size of tee or ell that is being machined. The 
design of the jaws is such that either a tee or ell of the same size 



Fig. 67. View of Turret Fixture. Four of These Are 
Mounted on an Indexing Drum 

can be held with the form jaw. This is another very good example 
of the use of jaws for holding work. 

Fig. 66 illustrates a sequence of operations. The slipon type 
of pipe fittings requires only three operations to complete the part. 
The screwed type fittings require four operations to finish the part. 

Fig. 67 is a plan view of the turret fixtures. Four of these 
fixtures are mounted on the indexing drum on the machine. When 
machining ells, tools are removed from one of the stations. This 
same principle of design and tooling can be followed out on other 
types of work and there is a trend towards design of machines and 
tools of this character. It is well for the tool designer to give con¬ 
siderable thought to designing tools for special single-end and double¬ 
end machines for high-production work. 
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DOVETAILS 

Id designing jigs and fixtures for certain types of machine 
tools it is necessary to provide a dovetail on these fixtures to fit 
into the dovetail on the table of the machine. This is especially true 


Constants for Calculating Dovetails 



Angle .A 

To Find B: 
Multiply D by 

To Find C: 
Multiply D by 

.Angle A 

To Find B: 
Multiply D by 

To Find C: 
Multiply D by 

30® 

1.86602 

.13397 

60® 

.86602 

.28867 

35® 

40® 

1.58579 

.15767 

65® 

.78484 

.31853 

1.37374 

.18198 

70® 

.71407 

.35011 

46® 

1.20711 

.20711 

75® 

.65161 

.38366 

50® 

55® 

1.07225 

.96049 

.23315 

.26028 

80® 

.59587 

.41055 


Fig. r»9 


of tools for certain types of turret and automatic lathes. Ordinarily 
it requires considerable time to figure out the angles of these dove¬ 
tails. Fig. 68 is a table that eliminates figuring of these dovetail 
angles; by using this the tool designer can save time and effort. 

To find the angle of external dovetails, the table shown on Fig. 
69 is used. By means of these constants, dimensions required for 
the laying out of proper dovetails can be determined readily. 
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QUIZ QUESTIONS 

1. How many tool ports are earned on the turret of an automatic screw 
machine and how are the positions controlled? 

2. How are the turret and the cross slide moved to and from the work 
in the automatic screw machine? 

3. What is the outstanding advantage of circular forming tools? 

4. Why is it essential that the tool designer be familiar with the steuidard 
tools available for automatic screw machines? 

5. The balance turning tool and the swing tool illustrated in Fig. 3 
generally are .used on what type of work? 

6. When using a circular form tool having two or more diameters, why 
is it that the difference in the radii of the steps on the tool will not correspond 
exactly to the difference in the steps on the work? 

7. What are some of the control features of automatic lathes? 

8. What are some of the special features of the tooling layout shown 
in Fig. 15? 

9. What are some of the features of the tool blocks illustrated in 
Figs. 17 and 18? 

10. What is the driving mechanism for the turning and forming of the 
bicycle hub illustrated in Figs. 22 and 23? What are its advantages? 

11. Name some of the types of chucks and chuck jaws used on turret 
and automatic lathes. 

12. Wliat factors must be considered in the design of chuck jaws? 

13. What are the sizes of standard chucks for automatic lathes, mills,, 
and turret lathes? 

14. What are some of the special features of the chuck illustrated in 
Fig. 33? 

15. In designing tools for either bar or chucking machines, what important 
point must the designer keep in mind? 

16. In tooling for production in a turret lathe, what are some of the 
important factors the designer must consider? 

17. What are some of the special features in the tool block illustrated 
in Fig, 55? 

18. How does the design of the work-holding fixture contribute to the 
speed and accuracy of production of the elbow pipe fitting shown in Fig. 63? 

















DRILL JIGS 

Standard interchangeable parts so common today in manufac* 
taring would be almost impossible without the use of drill jigs. The 
term “jig” has often been misused; for example, in welding opera¬ 
tions, fixtures are sometimes termed welding jigs. A jig is a work-* 
holding device generally used in a drill press in conjunction with 
drill bushings for guiding the tools so that drills will produce holes 
only where the bushings are located in the drill jig. The body of 
the jig is designed and made so that the piece part is definitely 
located in the same position each time the drill jig is used. There¬ 
fore, a piece part that is drilled in a drill jig will be identical with 
all the other parts that are produced in the same drill jig. 

Certain principles of jig design have been developed over a period 
of years and have become common practice. These principles are 
more or less standard in all manufacturing plants, although new 
developments are constantly being introduced due to manufacturing 
conditions. 

The designer must give consideration to numerous points in 
designing a drill jig. First, the tolerance or degree of accuracy of 
the part; this oftentimes determines the type of jig to be used. The 
number of sides of the part to be drilled may determine the type 
of jig; in some cases a box jig would be used where a part (such as 
a casting) is to be drilled on four or six sides. On some large part< 
an indexing jig would be designed on account of the excessive weight 
of the part and the jig itself. In some cases the number of parts to 
be produced determines the type of jig that would be made; if only 
a few hundred parts were to be produced, a simple plate jig would 
be designed and made; if on the other hand several thousand parts 
were to be produced, a quick-acting jig would be necessary. The 
tool designer must keep in mind at all times the fact that for a small 
number of parts, except in unusual instances, the tool cost must be 
correspondingly low; when large quantities of parts are to be ma¬ 
chined, the tool expense can be higher by reason of the fact that 
the increased cost would be distributed over a large number of pieces, 
making the unit cost very low. 
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Therefore, in designing drill jigs the following points mutA, be 
remembered: 

First. Locate the work accurately and quickly. 

Second. Prevent the work from being inserted in the jig in any 
other way than the correct position. 

Third. Prevent spring or movement of the piece during th€ 
drilling operation. 

Fourth. Have ample chip clearance and design the jig so that 
it can be cleaned readily and easily. 

Fifth. It must be as strong as possible without undue weight. 

Sixth. The drill jig should be designed so that there are no 
loose parts that may be lost easily. 

Seventh. The design should be as simple as possible so the jig 
will not easily get out of order. 

The designer should make full use of all the various standard 
items which are commercially available and that go into the manu¬ 
facture of drill jigs; by doing so, the cost of designing and building 
is considerably reduced. 

For some piece parts there is a wide choice as to the type of 
jig that could be designed. The method of clamping should be posi¬ 
tive and the clamps should have sufficient strength to hold the work 
firmly in the body of the jig. In most instances the designs discussed 
in this work illustrate the fundamental principles of drill jig design, 
but the designer should see that the piece part is properly located 
in the jig by placing locating pins, rest pads, stops, or V-blocks in 
the correct positions in the drill jig body. 

A definite location point should be provided in each drill jig 
so that each piet'c part loaded into the jig will be located in the 
drill jig in the same manner. However, in some instances the piece 
part is made from a rough casting that has not been machined prior 
to coming to the drill jig operation, and in this case the jig should 
be provided with adjustable locators of some type that will com¬ 
pensate for the inequality of the surface of the piece part. Usually 
on jobs of this kind the subsequent operations are located from the 
drilled or reamed holes in the piece part. It is desirable in designing 
drill jigs to see that the piece part is held in the jig body by some 
positive means so as to prevent the piece part from slipping when 
the drilling operations are being performed. Various means are 
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used to clamp piece parts in jigs and the designed, by studying tiie 
available means, can usually select the right type for the jig. 

In designing drill jigs the first thing to be done is to study the 
piece part carefully and consider the other factors that have been 
mentioned. When he has finally decided what type of drill jig should 
be used, the designer checks to see the type of drill press that is 
available for the job. After this, he proceeds with the design of 
the jig. 


PLATE DRILL JIGS 

The simplest form of drill jig is the ordinary plate type jig, 
Fig. lA. This type of jig is usually designed where there are only 
a few parts to be produced. The piece part shown in Fig. IB is of 
cold-rolled steel plate, 6" wide by 12" long by 1" thick. There are 
three holes to be drilled in this part. The design shown by 

Fig. lA consists of a steel plate with a number of pins that 
definitely locate this piece part in the jig. The drill jig is clamped 
to the piece part by means of thumb screws. No drill bushings are 
used in this jig because the accuracy of the piece part does not 
require ary close limits and the ordinary tolerance on these three 
holes due to the fractional dimensions would be plus or minus .005" 

In the event that the number of parts should be larger than 
originally intended, this plate jig can easily be set up in a jig boring 
machine, the holes for guiding the drills can be rebored, and hard¬ 
ened steel bushings can be inserted. This would increase the life 
of this drill jig considerably. Plate jigs of the type shown by Fig. lA 
are sometimes cyanide hardened to provide wear resistance in the 
drill holes. 

This same type of jig is sometimes designed for larger work, 
as shown by Fig. 2. This jig for large work is desighed to be made 
of tank plate with elongated holes burned in it (by means of a 
torch) to reduce weight. It is provided with an eyebolt so that it 
can readily be lifted by means of a crane. 

This plate jig was designed for the use of drill bushings and 
is made so that it can be clamped directly to the top of the piece 
part by means of C-clamps. This type of jig is used in a radial 
drill press and was designed for low-production quantities. If, on 
the other hand, large quantities of parts were to be produced, a jig 
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Fig. lA. Working Drawing of a Plate Drill Jig 
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Fig. IB. Production Drawing Showing a Drilled Plate 
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would be designed that would locate the entire work piece in definite 
relation to the holes to be drilled in the part. 

An alternate design of plate jig is illustrated by Fig. 3. In tiiis 
instance the plate jig is designed to be made from a gray iron casting 
with holes cored to provide lightness. This jig is designed to be 



placed over the work. One end is provided with adjustable stop 
screws and on the other is a screw with a hand knob for clamping 
the jig on the piece part. The designer therefore has a choice between 
plate steel and a gray iron casting in designing these jigs. 

In using tank plate steel for a jig of this type, the outstanding 
advantage is that it is a stronger jig. Plate jigs made of steel are 
normalized to prevent warping and distortion. A disadvantage is 
that if the steel plate is dropped it will probably bend out of shape, 
which will cause considerable trouble unless this is detected; whereas 
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with a cast-iron jig, if the casting has been properly nonnaJiaad 
there is no distortion; that is, if dropped it will remain the same aa 
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Fig. 3. Low-Production Cast-Iron Plate Drill Jig 


before, unless possibly it should break. Therefore it will be seeii; 
that the type of material used in plate jigs is sometimes a matter 
of individual choice or preference. 
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For drilling a series of bolt holes in a fiange,of a piece part, 
plate jigs similar to Fig. 4 may he used. In this design of jig tlie 
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Fik. 4. Plate Drill Jig for Drilling Holes in a Flange 

piece part has been previously machined on the flanges so that a jig 
can be designed which consists of a cast-iron base with a stud (4) 
mounted in it and a bushing plate (detail S) made out of cold-rolled 
steel with drill bushings inserted. The piece part is inserted over the 
stud and rests on the base. The bushing plate is designed so that 
the nut will clear the center hole. The C-washer (detail g) is then 
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inserted on the stud between the bushing plate and the nut, and by 
means of a wrench the bushing plate is clamped solidly on the work. 
This type of jig is frequently used where piece parts are produced 
in low quantities. If a larger number of piece parts must be pro¬ 
duced, a quick-acting jig would be designed for the job, as the design 
shown by Fig. 4 requires considerable time to load and unload the 
piece part. 

ANGLE PLATE DRILL JIGS 



Fig. 5. Angle Plate Drill Jig for Drilling a Hole in a Pulley Hub 


There are a number of piece parts that can be drilled in an angle 
plate drill jig. Fig. 5 shows such a jig for drilling a hole in a pulley 
hub. In this design no provisions have been made for drill bushings 
because the location of this hole is not important. The hole is 
drilled for tapping, so that a set screw can be inserted in the pulley 
hub to locate it on the shaft. This is a very simple form of jig, the 
base or angle plate is made of cast iron, and a stop pin is provided 


268 





DRILL JIGS 


to locate- the work centrally on one of the spokefi of the pulley. 
Numerous adaptations of angle plate jigs can be designed as needed. 

In many instances instead of making angle plate jigs of cast 
iron they are made of steel plate. Fig. 6 shows a welded construc¬ 
tion, and the same conditions apply to an angle plate made of steel 
that were discussed in the preceding pages in regard to plate jigs. 
The advantage of an angle plate made in welded steel construction 
is that there is no waiting for castings and patterns, and plants 
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kt4CHrN£ ST££L. 

Fig. 6. Angle Plate Drill Jig; 

Base. Welded Construction 

equipped with welding. facilities can easily make an angle plate 
without any delay. 

In many instances it is necessary to design angle plate jigs 
with a bushing plate to guide the drill so that it will drill a hole in 
a piece part in definite relation to other points or holes. Therefore 
a jig similar to Fig. 7 is designed. In this design, a cast-iron angle 
plate is used and the piece part is located by means of a central stud 
or locating pin, detail 3. The part is located by means of stop pins 
(detail 4) that have been inserted in one face of the angle plate. 
The bushing plate is a separate piece made out of cold-rolled steel, 
illustrated by detail 2 of Fig. 7. 
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Angle plates are also used for designing indexing jip where it 
is necessary to drill holes on opposite sides of a work piece. The 
piece part is generally located in a body that is attached directly to 
the face of the angle plate, and stops are provided so that the piece 
part can be indexed 180°. This same type of jig can also be designed 
for drilling parts that would have angular holes in them. 


LEAF DRILL JIGS ^ 



Fig. 8 Leaf Drill Jig for Drilling a Plate 

In drilling pieces in one plane, for example a steel plate similar 
to the piece part previously described, a leaf drill jig, Fig. 8, is 
sometimes designed. This type of jig consists of a body, usually a 
gray iron casting, with hardened and ground jig feet inserted in the 
base of the body casting. You will note that lugs or ears have been 
provided in which to insert a pin to provide for a hinge for the leaf 
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Fig. 9B. Working Drawing of Leaf Drill Jig Parts 
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or bushing plate, A clamp bolt is designed so that it can be pinned 
into the body of the jig, and a star handwheel is used to clamp the 
leaf of the jig so as to hold the work securely. Four hardened and 
ground rest pins on which to rest the piece part are inserted in the 
jig body, and a wedge pin is put into the leaf or bushing plate with 
a 45® angle for clamping the work up against the four locating pins 
in the rear and left portions of the jig. 



Fig. 10 Working Drawing of Buahing Plate for Leaf Drill Jig 

Figs. 9A and 9B clearly illustrate the details of this type of 
design. In designing detail A, Fig. 9B, the designer could cheapen tho 
cost of the jig by specifying that.dctail A be a 1" diameter drive fit 
the entire length instead of having* two diameters. This could be 
done by specifying a 1.002" reamed hole in the bushing plate to 
permit it to move freely on the hinge pin. 

Fig. 10 illustrates the design of a leaf or bushing plate. This 
can be made of a steel forging or of cast iron if desired. Steel would 
be more desirable for an item of this kind, but a steel forging is 
somewhat more expensive than cast iron, although it is much 
stronger. A compromise could be effected on this design by welding 
a piece of round shafting on the end of this %" steel plate for the 
hinge section of the leaf or bushing plate. 


274 



15 


DRILL JIGS 

SHAFT DRILL JIGS 

To drill holes in round shafts a simple form of drill jig is 
generally used where production requirements are low. Fig. 11 is a 
design of a short-shaft drill jig. This design is a built-up jig which 
consists of a solid block with a %" hole bored through it to hold 



SffOftr SHAFT OmCL JK 
STEEL IREQ 

Fig. 11. Short Shaft Drill .hg 


the shaft. A drill bushing is inserted in the top portion of the jig, 
a stop is provided at the rear so that the shaft will be in definite 
location. A cap screw has an ordinary hexagon-head bolt with a 
hole drilled through the hexagon head, as shown, for the insertion 
of a pin. This provides additional leverage for the opeiator to clamp 
the shaft in the jig. The 60° countersink on the right end allows 
easy insertion of the work. This is an inexpensive jig to design and 
make, and for low-production it serves the purpose very well. 
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Where piece parts must be produced in fairly large quantities, 
particularly for parts similar to Fig. 12, a different type of drill jig 
is designed. Fig. 13 illustrates a shaft drilling jig for use where the 
loading and unloading must be as fast as possible and where the 
drilled hole must be definitely located in relation to other dimen¬ 
sions. The drill jig illustrated by Fig. 13 has a base that is built 
up by welded construction. The two V-blocks are welded to the 
jig base at either end and are provided with hardened and ground 
rest pins {12 ). These are set at 45® angles on each side of the center 
line, making a total of 90® between the rest pins. In the center of 



5 4e. 3115 COLD DRAWN ST€CL 
CARBURIZE i TO i DEEP^ HDN. 
TO ROCKWELL 0-60-54 


Fig 12 Main Drive Pinion Gear Shaft for a Corn Picker 

the jig an additional piece is welded for the insertion of a commercial 
clamping mechanism (8). The bushing plate (7) is mounted by 
means of screws {2) and dowel pins (I), with a drill bushing (ff) 
located in the proper place on it. The shaft is inserted in the jig, 
and a hardened and ground stop or gage plate (S) is provided for 
definitely locating the shaft at the correct distance from the end. 

Fig. 14 illustrates the clamping mechanism, which can be pur¬ 
chased in various sizes to suit the needs of the individual job. This 
provides a quick method of clamping a shaft in a drill jig. 

For drilling long shafts where two or more holes must be drilled 
in the shaft in definite relation to other dimensions, a drill jig similar 
to Fig. 15 is usually designed. This jig, as you will note, is made 
with a base (I) having uprights (ff and 12) welded on its ends 
V-blocks (details 7 and 8) are held in place by screws and dowels. 
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Fig. 13. Drill Jig for Drilling a Hole in the Pinion Gear Shaft Shown in Fig. 12 
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Qrippet Specifications 



Fig. 14. Clamping Mechaniam 
Courteay of Wedge~Lock Tool Co., Chicago, Illinois 


On upright P is a bushing plate {10) with two drill bushings (4) in¬ 
serted; a stop (IS) is provided to accurately locate the shaft. On 
upright IS is a bushing plate (11) with one bushing (4). Two clamp 
screws (13) are used to clamp the work firmly in the jig. This jig 
is very inexpensive to design and build and is commonly used. How¬ 
ever, if large numbers of shafts were to be drilled, patented drill 
jigs would be incorporated in the design. For example, a steel base 
would be provided, two or more quick-clamping drill jigs would be 
located in the correct positions, and the work would be clamped in 
the jig by means of quick-acting levers. 

The designs of shaft drilling jigs previously described have been 
for drilling holes at right angles to the axis of the shaft. In many 
cases it is necessary to drill a hole in the end of a shaft, such as 
certain types of gear shafts. Fig. 16 illustrates a design of a jig 
for drilling a hole in the end of an idler gear shaft. In this 
design it will be noted that a base (I) with a welded upright (S) 
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has been designed, and on this upright two V-blocks (4 and 5) have 
been mounted by means of screws (8) and dowel pins (11). In 
addition, a bushing plate (5) is provided on the top of the upright 
member, and the drill bushing (7) is located in the proper position. 
The % 2 " bole to be drilled in this piece part does not require any 
definite location other than the center distance, or .563'^. No clamp 
is provided for holding the piece part in the jig. This job is done 



SCLEROSCOPE TO-SS HARD 



~,es3s' 


Fift. 17, Reverse Idler Shaft 


in a sensitive drill press and the shaft is held in the jig by the oper¬ 
ator while the hole is drilled. 

Where it is desirable to drill shafts in large quantities, for 
example a piece part such as that shown in Fig. 17, a design of jig 
similar to that shown in Figs. 18A and 18B is usually made. You 
will note that this jig consists of a steel base (16) with a welded 
upright on which is mounted a bushing plate. Stops or gage pins 
(5) are provided at either end of the bushing plate (4) for accurately 
locating the shaft in the drill jig. The left-hand gage pin has been 
chamfered off to provide for easy loading. The part is located by 
means of a 90® vee in the bushing plate. This vee is obtained by 
means of hardened and ground pins that are inserted in the bushing 
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Fig. 18A. Design of Drill Jig for Drilling Three Holes in Reverse Idler bhaft 
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Fig. 19A. Drill Jig for Drilling Hole in Kcvcrae Idler Shaft 
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plate. You will note that knockout holes have been provided so that 
these hardened and ground rest pins can be removed in the event 
they become worn through use. The part is clamped in position by 
means of a vertical cam (J7) which has been designed so that the 
piece part is inserted in the locator and then the cam is actuated 
so as to clamp the piece of the shaft directly against the 90° vee. 
This jig allows fast operation and the pieces can be loaded and un¬ 
loaded very rapidly. 

Referring to Fig. 17, the piece part, you will note that a 
hole is drilled parallel to the axis of the shaft. Figs. 19A and 19B 
illustrate the design of jig employed for drilling this hole. This piece 
part has been machined in an automatic screw machine and a center 



was left on the end of the shaft; therefore in this design of jig no 
bushing plate has been provided, as the center left in the shaft will 
act as a guide for the drill. You will note in this cam clamp¬ 
ing arrangement that a spring (J£) has been inserted in the back 
of the cam to insure a quick return. This is necessary when using 
a cam of this design in a horizontal position as it provides for a 
quick return when the cam is released. 

For drilling holes in both ends of a shaft where the distance 
between centers is long, as in Fig. 20, a jig similar to that shown 
in Figs. 21A and 21B is designed. This consists of a base (W) with 
three V-blocks welded to it, one in the center and one on each end. 
Each end V-block has a bushing plate mounted on it by means of 
screws (5) and dowel pins (ff), and a clamp screw (8) is mounted 
on the center section. Each V-block has four hardened and ground 
rest pins inserted on the angular portion. The holes for rest pins 
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Fig. 21A. Drill Jig for Drilling Holes in Sprocket Shaft 
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are drilled entirely through to the outside of the V-block in order 
to provide means for knocking out these rest pins when they become 
worn. The clamping screw is provided in the center because the 
shaft is of large diameter. This design of jig is very inexpensive to 
design and make, and is very satisfactory for drilling shafts of 
this type in small quantities. 
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Fig. 21B. Bill of Materials for Fig. 21A 


CAM DRILL JIQS 

For drilling certain types of screw machine parts, particularly 
for a collar in which it is necessary to drill and tap a hole for locking 
screw, a quick-acting cam jig. Figs. 22A and 22B, can be designed 
to handle piece parts very rapidly in the drilling and tapping 
operations. 

The base of this jig (5) is made of machine steel, and to it 
are welded upright 1 made of cold-rolled steel and upright 2 of 
cold-drawn steel. After normalizing, the bottom of the jig base 
and the two uprights are machined to the correct dimensions. A 
bushing plate (detail 4) is fastened and located on one of the up¬ 
rights by means of dowel pins (6) and socket-head cap screws (5) 
A plug (detail 8) is designed with three hardened and ground rest 
pins (9) inserted to act as a stop and locator for the piece part. 
The cam (detail 10) is designed to be made of machine steel and 
is welded onto the cam handle (detail 11). This construction is 
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Fig. 22A. Drill Jig for Drilling a Hole in Pulley Screw Collar 
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eVi^ap^r than ii thiB entire cam and cam lever had been made out 
of one solid piece of steel 

The cam handle is attached to upright section 2 that is welded 
to the jig base, and an eccentric bushing (detail IS) is designed to 
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Fig 22B. Details and Bill of Matenala for Drill Jig Shown in Fig 22A 


be inserted through the cam lever handle. This bushing is made 
eccentric so that, if wear takes place on the cam face, the bushing 
can be shifted in the lever so as to compensate for the wear. This is 
good construction and prevents replacements that would ordinarily 
occur through the pressure exerted in clamping the piece part in the 
jig. This jig allows very fast operation, and designs similar to this 
can bo employed for a great many small parts 
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Fig. 23B. Enlarged View of Adapter and Work for the Jig Shown in Fig. 23A 


rigiit angles to the axis of the piece part. In the design shown in 
Fig. 23A, the body of the jig is cast iron, machined on the necessary 
sections for insertion of the adapter and the jig feet, which are made 
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of hardened steel to prevent wear. The clamp itself is designed to 
be a casting with a hardened swivel clamp. The swinging clamp, as 
you will note from the drawing, swings to one side and is prevented 
by a stop pin from dropping to the drill-press table. The adapter 
is shown in Fig. 23B. One advantage* of jigs of this design is that 
an interchangeable adapter could be used, and a liner bushing could 
be inserted in the bushing plate so that different sizes of drill bush¬ 
ings could be inserted to take care of various piece parts of approxi- 



Fig 24. Transmission Spline Shaft Bearing Cage 


mately the same over-all dimensions. Numerous adaptations of 
this design can be employed for drilling screw-machine parts. 

For a piece part similar to Fig. 24, which is a transmission 
spline shaft bearing cage for use where production quantities are 
low, a jig similar to Fig. 25 is frequently designed. This shows the 
assembly of a completed jig, and details S and J^. Fig. 26 shows the 
remaining details of the design. In this type of jig the piece part is 
located by means of a plug (^) underneath the bushing plate. The 
drilling is done against the clamp (5), which is not considered good 
practice; but, where production is low, jigs of this design are some¬ 
times made on account of their low cost. 

The three ^% 2 " holes in the flange of this piece part. Fig. 24, 
could be drilled in a patented quick-acting jig to much better ad- 
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will be noted that the flange in which the three, holes are 
to be drilled is triangular in shape, and that it is necessary to locate 
the piece part on the face of the flange and concentric with the 
central bore, which is 3.9374" in diameter. 

The distance from the back of this piece part to the flange face 
is 1%"; if the piece were located so that the drilling would take 
place from the rear, it would mean that drills of extra length would 
have to be employed. Therefore this piece part is drilled from the 
face of the flange. 

Referring again to Fig. 26 which shows the details of construc¬ 
tion of this drill jig, detail J consists of a bushing plate with four 
legs 1" square welded to it. To make it simple for the operator to 
handle this jig, handles are welded on either side. This enables the 
operator to hold this jig and move it around on the table of a single¬ 
spindle drill press to drill the three diameter holes. 

Three hardened and ground locating pins (detail 5) are pressed 
into three reamed holes in the bushing plate in order to locate 
the piece part so that the holes in the flange will be drilled in the 
proper location. This insures that the piece will be inserted properly 
in the jig each time. A stud (detail 4, of Fig. 25) is designed to 
accommodate the clamp (S), and a cast-iron hand knob (detail 9) 
is provided for tightening the clamp against the work after it has 
been inserted over this stud. The piece part shown in Fig. 24 is a 
very good illustration of the fact that in designing drill jigs numerous 
designs can be employed. It also illustrates thoroughly the point that 
the production quantity is often the determining factor in deciding 
what type of jig will be used. There are at least four types that 
could be designed for drilling this particular piece part; each would 
be correct; the selection would be determined by the quantity of 
piece parts to be produced. 

BOX DRILL JIGS 

When it is necessary to design a drill jig for drilling holes in 
two or more sides of a piece part, a box drill jig or an index jig is 
generally used. Fig. 27 shows a drawing of a work piece that is 
drilled on three sides and in addition has two angular holes. As 
you will note from this drawing, the center to center distance of 
the two %e" reamed holes is within very close limits, being given 
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in decimal dimensions; therefore the jig for drilling and reaming a 
piece part of this kind must be carefully designed and the piece 
must be located so that all holes will be in definite relation to each 
other. For these reasons, a box jig, Figs. 28A and 28B, is designed. 
In these illustrations are shown the various views of this design of 
jig. The body (/) is made of cast iron and one side (at A) has been 
machined to a 30° angle; the other side (at B) has been machined 




to a 17® angle. These angular surfaces provide bases so that the jig 
can be tilted to the required angle on each side to drill the two 
angular holes at C. This piece part has been milled on two sides 
so that accurate locating in the jig is simplified. 

In the plan view of Fig. 28A it will be seen that a clamping 
screw (S) has been provided in tl>e angular portion of this jig for 
locking the piece part against positive stops. In the front elevation 
an additional screw {12) has been provided with a fioating equaliser 
{IS) to lock the piece against any possibility of movement when 
the drilling operation is being performed. 

The bill of materials for this jig. Fig. 29, may be used to identify 
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the various details. Studying the layout of the assembly drawings 
that are shown in these illustrations and referring to the bill of 
materials will give the tool designer a very good idea of this design. 

Box jigs have an outstanding advantage when all the holes in 
tlie piece part are the same size range and within the capacity of 
the drill press. However, where very large holes or very small holes 
are in the same piece part, it is considered good practice to design 
two jigs, as small drills will not run efficiently in a drill press that 



Fig. 28B. View of the Box Drill and Ream Jig Shown in Fig. 28A 

would have the capacity to drill 1" to 1^/^" holes. For example, 
where both 1^,4" and ^4" holes were in the same piece part it would 
be more efficient to drill all the large holes in one jig and then locate 
from these holes and drill the small holes in another jig, of course 
using a smaller drill press. 

On certain types of large work it is sometimes necessary to 
ignore this rule because of the fact that the size of the drill jig and 
the piece part are such that the drilling operations must be per¬ 
formed in a radial drill press. If this is the case, the design of a 
modern radial drill press is such that speeds and feeds of the drills 
can readily be changed by the operator because these controls are 
at the drill head that slides on the radial arm of the drill press. 
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The piece part shown in Figs. 30A and SOB is a watei-pump 
body for an internal combustion engine and is a good illustration of 
the type of work that requires more than one jig to complete the 
necessary operations. As will be noted from the drawing, there are 
a number of holes of various sizes. While it would be possible to 
drill most of these holes in a box jig, the difference in their size and 
location makes it rather difficult to design a jig that would be 
capable of drilling all holes and obtain efficient production. Note 
that there are four holes to be drilled in the base of this part. 
Two drain holes are to be drilled at an angle in the water-pump 
body; these are %6" and in diameter. There is also a hole 
to be drilled in the hub of the water-pump body. These operations 
can best be performed by the use of three jigs as described in the 
following paragraphs. 

The drawing of this piece part should be given considerable 
study by the tool designer so that he can design the right type of 
jigs to perform the necessary operations. 

The four ^% 2 " holes that are drilled in the base of this part 
are drilled in a separate jig of a very simple design which is not 
shown here because designs of similar jigs have already been ex¬ 
plained and illustrated. 

Fig. 31A is the assembly drawing of a jig to drill two drain 
holes in the water-pump body. One hole is %6" diameter (shown 
in Fig. 30A) and one is in diameter, shown in Fig. 30B. These 
holes come in at different angles and are located in the inlet and 
outlet ends of the pump body. In the assembly drawing, Fig. 31A, 
it will be noted that the jig is made of steel and the sections are 
welded together to obtain a jig as light and strong as possible. Fig. 
31B is the bill of materials. 

Fig. 32 is a drawing illustrating the details of construction of 
the jig body (detail 1). You will note from this drawing that the 
bushing plates are set on an angle to locate the drill bushings. This 
jig body is made of machine steel and after the welding operations 
have been performed it should be normalized (or strain annealed) 
by heating in a furnace until the required temperature is reached, 
then allowed to cool. This is to prevent warping and distortion. 
After this the jig body is machined to the required dimensions. 

Welded steel construction was specified in designing this jig 
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Fift 30A. Water-Pump Body for an Internal Combustion Enaine 


CAST SMOOTH, ROUND 
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Fig. SOB. Sections of the Design Shown in Fig. 30A 
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because the cost of a pattern and casting for a jig of this type would 
be considerably higher than a welded steel body. 



Fig. 33 illustrates the design of the details of the jig. Detail 2 
is the locating plug. The piece part is slipped on this and fastened 
by means of a C-washer (detail 3) and a nut (detail 4) • In view 
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of the fact that the bushings must extend down into the inlet and 
outlet portions of this water-pump body, extra length drill bushings 
must be designed and made. However, the liner bushings used are 
standard. You will note that the drill bushings (details 6 and 6) 
have been relieved by putting in a larger hole {% 2 ") than the drill 
size. In detail 5, has been allowed for the guiding of a drill. 
In detail 6, the same amount, has been allowed for guiding the 
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Fig. 8IB. Bill of Materials for the IXesign Shown in Fig. 31A 


drill. Because of the fact that it is necessary to remove these 
drill bushings from the jig body in order to load, and unload the 
piece part, handles are welded onto the bushings to permit the 
operator to remove them with the least possible effort. 

By referring to section A-A of Fig. SOB, it will be seen that 
there is a Vfe" hole drilled in the hub of this water-pump body. A 
separate jig is designed as shown by Fig. 34 to drill this hole. This 
drawing shows that this is a simple jig with a bushing plate (de¬ 
tail I) in which a plug (detail 2) is inserted. This plug is made of 
tool steel hardened and ground to fit the central bore of the water- 
pump body. The plug is ground to 1.375" diameter and is chamfered 
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Fig. 32. Details of Construction of the Jig Body for the Design Shown in Fig. 31A 
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Fi|c. 33. Details of the Jig Shown in Fig. 31A 









Fig. 34. Jig to Drill H* Holo in Hub of Water>Pump Body Shown in Fig. 30A 
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for 1/4" at a 30® angle to permit easy insertion into the central bore 
in the hub section of this water-pump body. 

On one end of the bushing plate is an additional locating plug, 
detail 4, This plug is designed to be made of tool steel and is 
hardened and ground. It locates in one of the drill holes in 

the base of the water-pump body. This provides for an accurate 
location for the drill bushing (5) that is inserted in the plate (1). 
This type of jig is frequently used as an auxiliary jig on large parts 
where it would not be good design practice to use a single, more 
elaborate jig to provide for all the operations. 

By referring to Fig. 30A, the piece part, it will be noted that 
there are two 2 ^ 4 " holes to be drilled, and then tapped with 
standard pipe tap. These holes are located on the hub of the water- 
pump body. To perform this operation a jig is designed similar to 
that shown as Fig. 35A. Fig. 35B shows design of the details; Fig. 
35C is the bill of materials. 

In this jig the angle plate or body (1) is made out of a gray 
iron casting which of course requires a pattern. The bushing plate 
(5) is made of machine steel and is attached to the top of the angle 
plate by means of hexagon head cap screws (12) and dowel pins 
(13 ). The locating plug (detail 2) is designed to be made of machine 
steel. It is carburized, hardened and ground, and the work slips 
over the 1.376" diameter. This plug is provided with a C-washer 
(detail 4) and a nut (detail 5) for clamping the piece part in against 
the face of the angle plate. You will note that this nut is small 
enough across the hexagon so that, when the C-washer is removed, 
the piece part can be withdrawn from the jig without any inter¬ 
ference. 

A standard locating pin (10) is provided to locate in one of 
the holes in the base of the water-pump body. This pin is 

designed so that it is a combination locating pin and rest pad. 
Three additional standard rest buttons (11) are provided in the 
face of this angle plate. These rest buttons are hardened and ground 
and provide a resting surface for the work piece. In this design a 
standard slip drill bushing (^) is used, but on account of the fact 
that the drill bushing must be removed, liner bushings (P) are pro¬ 
vided in the bushing plate. On account of the close center distance 
of these two drilled holes, it is necessary to flatten off a portion of 
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Fig. 35A. Jig to Drill ftnd Tap Two H' Pipo Tap Holes in the 
Water>Pump Body Shown in Fig. 30A 
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the liner bushings to allow the correct spacing, which is .4375". Note 
that it is necessary to have only one slip drill bushing, with a handle 
(6) welded on it for easy removal of the bushing. After one hole 
has been drilled, the bushing is transferred to the other hole. After 
this second hole has been drilled with a drill, the tapping is 

done in the same setup without the use of any guide bushing, as 
the tap will follow the drilled hole. 
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Fig. 35C. Rill of Materials for the Design Bhown in Fig. 35A 


In some designs of jigs it is necessary to grind a flat on one 
side of the press fit drill bushings in order to permit close center 
distances, just as it was necessary in Fig. 35A to flatten off the 
liner bushings. 

INDEXING JIGS 

The pie(*e part shown in Figs. 36A and 36B is a bevel gear 
bearing cage cap used on a track-laying type of tractor. For such 
a work piece an indexing jig is generally designed. It is necessary 
to provide a jig for drilling and reaming the 2.0475" hole (Fig. 36B), 
and to drill and tap a pipe-thread hole (section B-B of Fig. 
36B). There are two of these piece parts used, one right-hand and 
one left-hand. As they are almost identical except for the location 
of the bosses mentioned, one jig can be designed to perform these 
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Fik. 36A. Bevel Gear Bearing Cage Cap 
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SECTION B'B 



SECTION C~C 


fig. 36B. Right-Hand View and Sections for the Design Shown in Fig 36A 
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Fig. 37A. This Figure and Fig. 37B Comprise the Assembly Drawing of an Indexing Jig 
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1 I 


Fig. 37B. View W'hioh Completes the Assembly Drawing Shown in Fig. 37A 

operations. In the section where the 2.0475" hole is drilled and 
reamed, there arc two holes for attaching a cap, or cover, to 

this particular part; an auxiliary jig must be provided to drill these 
two holes after the large hole has been drilled and reamed 

and the bosses have been spotfaced. 

Figs 37A and 37B are an assembly drawing of an indexing jig. 
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5d 

Note that details 24 to 42 , inclusive, listed on the bill of materials, 
Fig. 37C, are for standard parts for the jig shown on Figs. 37A and 
37B. This jig, as you will note from the drawing, has a base plate 
(7) with a stand {2). This stand is made of gray iron from a stand¬ 
ard pattern. The base is made of machine steel which is machined 
over the top and bottom to provide a level surface for the stand 
and for resting this jig on the base of a radial drill press. 
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Fig. 37C. Bill of Materials for Standard Parts for the Jig Shown in 
Figs. 37A and 37B 


There are four index holes provided in this jig (labeled A, B, C, 
and D) and the jig is designed so that both right-hand and left-hand 
piece parts can be drilled in it. This type of jig illustrates some of 
the principles that have been covered in the preceding pages. The 
details will be discussed and illustrated by Figs. 38 to 42 inclusive. 

Fig. 38 is a detail drawing ot a stand or, as it is sometimes 
termed, trunnion bracket. It is shown on Fig. 37B as detail (2). 
This particular design happens to be a company standard and can 
be used for other jobs where a stand of this size is needed. In some 
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instuices where these stands are used for inde»ng jigs of the 
trunnion type, two stands would be mounted on a base. 



Fig. 39A is a front elevation and plan view of the body for 
the jig shown in Figs. 37A and 37B, and the right side elevation is 
shown in Fig. 39B. It is made oi machine steel and is of welded 
construction. There are four index holes that are located in 
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RiGHT $tO£ ELEVATtON 
OF DETAIL 

1 itf 39B. Details and Right Side Eleva hon of Jig Body for the Jig Shown in Figs. 37A and 37B 
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definite relation to the holes that are to be drilled in the piece part. 
These holes are carefully bored for the insertion of hardened and 
ground shoulder-type drill bushings {2k of Fig. 37B) so that no 
excessive wear will be caused by the index pin. As stated, this jig 
is designed to accommodate both right-hand and left-hand piece 
parts; therefore the jig must be capable of locating both parts in 
definite relation to previously machined dimensions. The jig body 
is detail 5. Also shown on Fig 39B are details k and 5. Detail 4 is 
the locating plug and trunnion about which the jig body revolves. 
A hardened and ground ring (detail 5) is mounted on the face of the 
jig body, see Fig. 37B, to act as a rest and locating pad. This pre¬ 
vents wear that would be caused by putting in and taking out the 
piece parts. 

Fig. 40 shows the design and construction of the locating blocks, 
details 6 and 7. These are designed to be made of machine steel of 
welded construction, carburized, hardened and ground to prevent 
wear. By referring to Fig. 37A the location of these blocks can 
readily be determined. Fig. 40 also shows details S and P. 

Fig. 41 shows the design of details i, and 10 to 17 of this jig 
and Fig. 42 is a drawing showing the design of details 18 to 28. 

To drill the two ^^ 2 '' holes that are on the boss of this piece 
part where the 2.0475" hole is drilled and reamed, an auxiliary jig, 
Fig. 43, is designed. This is an assembly drawing and illustrates 
the general design of this type of jig. Fig. 44 illustrates the details. 
Detail k5 is the bushing plate which is designed to be made out of 
machine steel, carburized, hardened, and ground at the necessary 
points (indicated by the letter G). Details k8 and k9 are the jaws 
that are actuated by a right-hand and left-hand thread shown on 
screw, detail k6. The screw actuates the jaws so that they will locate 
in the 2.0475" hole. These jaws are somewhat similar to the clamps 
on a pair of roller skates; that is, they operate simultaneously by 
rotating the screw in one way, either to the right or left. This 
causes these jaws to open or close as may be desired. This is a 
simple method of clamping an auxiliary jig to perform additional 
operations on a piece part. By referring again to Fig. 43 you will 
note the assembly of these jaws on the bushing plate. 

When it is necessary to drill a part similar to Fig. 45, which 
is a front axle center for a tractor, the tool designer must give careful 
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Fic« 41. Design of Details of Jig Shoan in Figs. 37A and 37B 
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consideration to the type of jig he will design, as well as the method 
of locating this piece part in the jig. The piece part is large, the 
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Fik- 42, Design of Details of Jig Shown in Figs. 37A and 37B 


over-all length being 34V^". This eliminates the possibility of doing 
the drilling in a box jig as it would be slow; moreover it would re¬ 
quire a crane to turn \i over. Another design problem is found in 
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the fact that the four holes are at an angle of 5 ° below the 
horizontal center line, while the four holes are 6® above the 



Fig. 43. Assembly Drawing of an Auxiliary Jig for Use on the Piece Part 
Shown in Figs. 30.\ and 36B 


center line. The piece part is a malleable iron casting and no ma¬ 
chining is performed on it before the drilling operation. 

The necessary operations include drilling and reaming the 



Fig. -11. Details of the Ji<r Shown in Hg. 13 
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1 627" to 1.628" hole, spotfacing the bosses and countersinking \)otti 
fides, drilling four holes, drilling four »%4" holes, drilling 

and tapping two pipe tap holes. Therefore, it was decided tc 
design an indexing drill jig for performing these drilling operations. 

Fig. 46A is an assembly drawing showing the right half of a 
symmetrical trunnion type index drill jig for the piece part shown 
in Fig. 45. It will be noted in this illustration that the design consists 
of a base made out of cold-drawn steel (detail Iff) on which are 
mounted two stands (detail 17) one on each end. It is necessary to 
have an indexing pin (22) and lever (20) on each end, because of 
the fact that the holes in this piece part are on different planes. It 
would be impossible to accomplish the angular drilling with index 
holes on only one end of the jig. Also, due to the design of the piece 
part, two swinging bushing plates (5) and one of detail 11 are 
necessary to provide for the rapid loading and unloading of the 
piece parts. Drilling operations will be performed in a radial drill 
press because of the various locations of the holes in the work piece. 
Fig. 46B gives a view of the plate and a bill of materials. 

The jig body, Fig. 47, is designed to be made of welded steel 
construction. This provides a comparatively light and strong struc¬ 
ture for holding the piece part. After the various sections have 
been located in the proper position, they are welded together, pro¬ 
viding a very rigid jig body. After normalizing, the jig body is 
machined to the required dimensions. 

There are four positions in the index plate. The details of the 
locating means are shown on Fig, 48. Detail 8 illustrates the design 
of the two bushing plates required for either end of this jig, and 
detail D is a bushing plate made of welded construction for locating 
the pipe-tap drill. Due to the design of the piece part it is 
necessary to have an extension welded on to this bushing plate in 
order to locate the drill bushings (40) as close to the work as pos¬ 
sible. Detail 24 shows the design of two V-blocks to locate the piece 
part in the required position. It will be noted that this 90® vee is 
located 6® off the vertical center line of the block in order to position 
the piece part properly in the jig body. The other details shown 
in Fig. 48 are similar to those that have been described for other jigs. 

Fig. 49 illustrates the design of the stand (detail 17). Two are 
used in conjunction with this type of jig. Detail 29 gives details of 
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NOTE: Jtc a symmetrical - only right half shown 

Fig. 46A. Assembly Drawing Showing the Right Half of a Symmetrical Trunnion Type Indexing 
Drill Jig for the Piece Fart Shown in Fig. 45 
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Fig. 48. Details of the Locating Cleans for the Jig Shown in Fig. 46A 
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DRILL JIGS 73 

the trunnions that are mounted on either side of the jig body (de¬ 
tail 6, Fig. 47). 

By referring again to Fig. 46A it will be noted that the trunnions 
have ball bearings (SO) mounted on them to reduce friction. This 
permits the jig body to be revolved easily to the proper positions 
Fig. 46B shows an ordinary hexagon head bolt (4£) and nut (4J) 
mounted in the jig body as an adjustable stop and as a rest for 



Fig. 50. Indexing Drill ^ with Roller Base and Trark 


the piece part. The piece part is clamped in the jig by means of 
screws (SS) which have hand knobs (Sff) fastened on them by 
means of pins (S7). 

Fig. 50 illustrates an indexing drill jig designed to be used under 
a multiple spindle drill. In the immediate foreground is shown a 
cluster plate that is to be attached to the drill press to locate the 
drills in proper position. Due to the size of this jig and the work it 
is to do, rollers are mounted on the jig base in order to move it from 
one position to another. In addition to indexing the jig body, the 
entire jig must be definitely located in different positions; for this, 
hardened and ground inserts are provided in the base of the track 
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on which the jig travels, so that the operator can bring the entire 
jig in the correct position for the drilling operation. 

In this chapter the fundamental principles of jig design have 
been thoroughly explained and various types of jigs have been illus¬ 
trated and described. There are other types in constant use in 
certain kinds of manufacturing plants, but their use is not general 
enough to warrant description in a book of this size. The tool de¬ 
signer will find that in certain industries devoted to the manufacture 
of items from metal, definite types of jigs are designed and built. 
Most other types of jigs can be designed by observing the details 
of design and construction supplied for those that have been illus¬ 
trated and described in this chapter. 

QUIZ QUESTIONS 

1. Define and explain the work of a drill jig. 

2. When designing drill jigs, what are some of the important points 
«o be remembered? 

3. What are some of the special features of the drill jig shown in Fig. 3? 

4. Name some of the advantages in building up angle plate drill jigs 
by welded construction. 

5. What are the special features of the leaf drill jig shown in Figs. 
8, 9A, and 9B? 

6. What special demands of production are met by the drill jig shown 
in Fig. 13? 

7. What is the special job of the drill jig shown in Figs. 18A and 18B? 

8. What special problem is solved in the jig design shown in Fig. 21 A? 

9. What type of job calls for the use of a cam in the drill jig? 

10. In the drill jig illustrated in Fig. 22A, what construction features 
were introduced to reduce the cost of the jig? 

11. What types of work call for the use of swinging clamp drill jigs? 

12. When holes must be drilled in two or more sides of a piece part 
what type of drill jig is generally used? 

13. What are some of the special features of construction of the jig 
body shown in Fig. 32? 

14. In the indexing jig shown in Figs. 37A and 37B, how many index 
holes are provided, and how are the right-hand and left-hand piece parts 
taken care of? 

15. How is the auxiliary jig shown in Figs. 43 and 44 clamped to the job? 

16. In the piece part illustrated in Fig. 45, what are some of the special 
problems that led the designer to decide upon an indexing drill jig for per¬ 
forming the drilling operations? 

17. What are some of the special features of the indexing drill jig 
illustrated in Fig. 50? 
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To design the ri^t type of fixtures for performing various ma¬ 
chining operations on piece parts, the same principles are used that 
are used in designing jigs. The words “jig” and “fixture” are used 
frequently in metal-manufacturing plants. These terms are some¬ 
times confused and as a matter of fact it is difficult to distinguish 
the difference between these two types of tools. The word “fixture” 
is frequently misused; for example, on some drawings, a drill jig is 
called a drill fixture (which in a sense it is) however, the term “fix¬ 
ture” as used in metalworking plants usually denotes a work¬ 
holding device that can be used on or in many types of machine 
tools for producing piece parts to the limits specified on the drawings. 
Fixtures should be designed so as to hold the work securely while 
the various machining operations are being performed. 

Fixtures are unlike drill jigs in that in most instances they do 
not have any guide for the cutting tools. This is true except for 
boring fixtures, which have guide bushings to locate the boring bars 
properly in the fixtures so that they will operate only where it is 
desired. The primary purpose of fixtures is to locate and hold the 
work securely. The accuracy of the work performed is dependent 
on the type of cutting tools and machine used. Fixtures are designed 
in a wide variety of types and kinds; the most frequently used is 
probably the milling fixture, which is used on hand, horizontal and 
vertical milling machines. A great many fixtures are designed to be 
used on planer type milling machines, usually for very large work. 

There are many types of machining jobs that can be performed 
in milling machines without the use of fixtures; that is, by clamping 
the work directly on the milling machine table. However, where 
quantity production is required, milling fixtures are generally used. 
On some types of work, even for small quantities, a milling fixture 
is a decided advantage. 

There are certain fundamental principles in fixture design that 
must be given careful attention by the tool designer. First, the 
fixture should be designed so as to permit rapid loading and unload¬ 
ing of the work. Second, it should have ample chip clearance. The 
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reason for this* is that the accumulation of chips in a fixture prevents 
the proper locating and holding of the work without considerable 
cleaning. Third, the fixture should be as strong and rigid as possible 
without the addition of useless weight. Fourth, the type of fixture 
should be correct for the machine tool that is to be used in per¬ 
forming the machining operation. 

The quantity of pieces to be produced determines the expens 
that can be allowed for designing and making the fixture. The type 
of machine to be used also must be considered in the design of the 
fixture, and the accuracy of the work piece must be carefully studied. 

MILLING FIXTURES 

In designing milling fixtures it is considered good practice to 
have the milling fixture as low as possible. In other words, the 
closer you can bring the work that is located in a fixture on a 
milling machine table to the table, the less the possibilities of 
chatter or of springing the work. Milling fixtures are usually 
provided with keys for locating the fixture properly in the T-slot 
of the milling machine table. In addition, lugs with slots in them for 
hold-down bolts must be provided. In some instances an extension 
of the base of the fixture can be provided for the application of 
clamps so that the fixture can be properly secured to the milling 
machine table. 

Clamps for milling fixtures should be designed to be as strong 
as possible and should be provided with springs on the stud so that 
the clamp itself will spring away from the work when the clamp 
nut is loosened. The location of clamps on a milling fixture is very 
important, as the work must be held rigidly in the milling fixture 
in order to prevent movement. It is necessary that the work piece 
be located against definite stops. However, there are jobs where, 
because of the design of the piece part, the work will have to locate 
against a clamp; this should be avoided if possible. 

Specifying the right materials for making milling fixtures is 
very important, and the tool designer must remember that where 
piece parts are to be loaded and unloaded into a fixture, particularly 
on high-production quantities, all parts of the fixture that will be 
subject to wear should be made of material that can be hardened; 
for example, clamps, rest pins, stops, locating pins, pads, etc. 
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The design of tiie fixture should be as simple 98 possible. The 
4 ^yaignp■r should keep in mind that the more parts there are on s 
fixture, the more possibilities there are for error and trouble. This 
is true of all types of fixtures. It is sometimes easier to design a very 
complicated fixture than a simple one; however, the complicated 
fixture would cause considerable trouble in the shop, whereas a 
simple fixture will be satisfactory. 

Before designing a milling fixture, data should be available as 
to the dimensions of the milling machine table on which the fixture 
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is to be used; therefore in most plants this information is avail¬ 
able in the form of a chart similar to Fig. 1. This chart gives 
information on four sizes of milling machine tables. It gives the 
width, the over-all length, the .height, the center, distance of the 
T-slots and the number of T-sIots. With this information the tool 
designer can readily determine what t 3 rpe of fixture will be suitable 
for these machines. 

Fig. 2 is a data sheet that gives the tool designer complete in¬ 
formation on the complete milling machine; for instance, information 
as to tile maximum height to which the fixture can be designed, tiie 
width, the amount of horizontal traverse of the table, and the amount 
of cross feed that is available in the machine. All these factors 
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must be known to the tool desigoev so thst he esn Isy out fl 
fixture that will be suitable fpr the job. 

Vises for Milling Machine. The simplest form of milling fix¬ 
ture IS a milling machine vise. Fig. 3 illustrates one that is adjustable. 
In this photograph two vises are mounted on the milling machine 



PlAAf VIEW OF TABLE 

Fig 2 Milling Machine Data Sheet 


table in a vertical milling machine. Two castings are clamped in 
these vises and machined by means of a face milling cutter of suf¬ 
ficient diameter to machine the entire surface of these castings. In 
operation, the table is traversed in either direction. When one cast¬ 
ing is machined, it is unloaded and a new casting inserted in the vise; 
and when the second casting has been machined, a new casting is 
loaded in the second vise and the milling machine table is traversed 
in the opposite direction. In this way constant production is obtained 
without any serious interruption. Various types of milling machine 
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Mses are commercially available. By inserting jaws of various 
shapes a great many parts can be machined in a device of this kind 
To design a milling fixture for milling a hub on a part that is 
made from a casting, a fixture similar to Fig. 4 is designed. This 
ii\ture consists of a cast-iron base that is machined on the bottom 
to obtain a true surface There is a U*lug on either end of this 



Fir 3 Adjustable Milling Afuchinc Vise 


milling fixtuie The bo^^bcs on the top of the base ^re spotfaced to 
provide for a combination locating pm and rest button An addi¬ 
tional locating pm i- designed to locate the casting in the proper 
position. A forged steel clamp with one end bent at a 90° angle is 
designed to hold the piece part rigidly for the milling operation 
This clamp has an elongated slot so that it is capable of being pulled 
out of the way to remove, or unload, the piece part. Note that the 
section that clamps the piece part has been milled out so that it 
will grip the work approximately on the center line of the hub* 
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This drawing is not dimensioned and is used for illustrating the 
fundamental principles of milling fixture design. It will be noted 
that there are two keys on the horizontal center line for locating 
this fixture on the milling machine table. The tail end of the clamp 
rests on the body of the fixture. This type of fixture is generally 
designed for low-quantity production. If a fixture of this type were 
to be designed for larger quantities, a hardened and ground tool-steel 
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Fig. 4. Simple Milling Fixture for End Milling a Hub 


rest pad would be attached to the surface of the base. In addition, 
the clamp itself would be hardened on the resting points. This fixture 
is designed to be used in a vertical milling machine; however, this 
same fixture can be used in a horizontal milling machine by provid¬ 
ing the proper width of milling cutter so that the entire boss would 
be milled at one pass. 

To mill cylinder heads of internal combustion engines, a milling 
fixture illustrated by Fig. 5 is designed. It will be noted that this 
fixture is very rugged and is set low on the table. Two cylinder heads 
are milled simultaneously, and after the first setup a cylinder head 
is completely milled on each pass of the machine. You will note 
that the piece part at the right is upside down so that the under 
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side of the cylinder-head casting can be machined. At the same 
time the top side of the left-hand piece part (with the bolt bosses) 
is machined. After this operation has been completed, the cylinder 
head on the right is turned over and moved to the left or front part 
of the fixture, where its top side with the cylinder-head bolt bosses 



Fig. 5. Milling Fixture for Machining Tractor Engine Cylinder Heads, 
Shonvn on a Planer Type Milling Machine 


is machined The clamping is controlled from the front side of the 
fixture by the screws and hand knobs shown on the front end. This 
is a very good exampld of rigid milling fixture design. 

Fixtures for Straddle Milling. To mill a piece part on both 
sides at one time, a straddle-milling fixture, Fig. 6, is designed. Two 
cutters are mounted on the milling machine arbor so that both sur¬ 
faces or sides can be milled at one time, as well as a horizontal 
surface. Note that the cutter at the left mills both a horizontal and 
vertical surface as shown by the arrows. 

This fixture has been designed wdth a cast-iron base in which 


341 





8 


TOOL DESIGN 



Fig. G. Milling Fixture for Straddle-Milling Two Sides and Bottom Surface of a Casting 


are inserted a hardened and ground stop pin, and rest pin, and on 
which are mounted a rest block and rest pad. These are provided 
for locating the work in the fixture. The clamp is designed to be 
made of cold-rolled steel, carburized, hardened and ground on the 
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pomtfl where it comes in contact with the work an^ fixture. It is 
slotted to make it adjustable. 

Two stop pins are located in the base of the fixture so that the 
clamp will be maintained in a vertical position at all times. On this 
piece part, which is a casting, the milling cutters are of different 
diameters so that they will not only straddle-mill this part, but the 
larger diameter cutter will mill the casting to the required depth 
on one side. 
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Fig. 7. Milling Fixture for Straddle-Milling a Bracket 


In designing a straddle-milling fixture it is necessary to see 
that proper clearances are provided so that the cutters will not in¬ 
terfere with the fixture. These fixtures should be as low as possible 
and be consistent with good design. 

• Another example of straddle-milling fixture design is shown by 
Fig, 7. In this illustration the fixture, on account of the height of 
the work, has been allowed to overhang the milling machine table 
OR the side nearest to the column face of the milling machine. On 
this particular job there is a special gang of cutters for milling the 
lower part of the piece part. This is accomplished by moving the 
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table up to the proper position. When the table is lowered, the 
straddle-milling operation takes place by means of the two inserted- 
blade side milling cutters that are also mounted on the milling ma- 





chine arbor. This is a low-production job, but it is a good example 
of what can be accomplished by the use of properly designed milling 
fixtures. 

On some types of milling fixtures it is necessary to combine op¬ 
erations. Fig. 8 is an assembly drawing showing the layout of a mill- 
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ing fixture to split and straddle-mill an engine clutch hand lever. 
The base of this fixture, Fig. 9, is designed to be made of cast iron 
and note that there are three elongated slots cored in this casting so 



that the base can be clamped securely to the milling machine table. 
In order to provide a heel for the clamp, a section of the base is fin¬ 
ished by filing to a 1%" radius. This is shown as a detail on Fig. 9. 
Fig. 10 is a drawing illustrating various details and the bill of 
material. 


Details of Base of the Fixture Shown in Fig. 8 
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MATERIAL STOCK SIZE 


Fic. 10. Details and Bill of Materials for the Fixture Shown in Fig. 8 
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Fig. 11. Milling Fixttiro to Straddle-Mill the Small End of a Steering- 
Clutch Release Lever 
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Note that all locating parts are carburised, hardened, and 
ground. The clamp, detail 4) is made of cold-rolled steel and is 
cyanide hardened. A reamed hole with a notation “press fit” 
on the tail end of this clamp is for the insertion of a pin (11) which 
will enable the operator to move the clamp in and out over the work 
piece. Detail 2, Fig. 10, is a locating plug. This and the key (5) 
which is attached to it, properly locate the piece part in the fixture 
for the milling operations. The lever (work) has had a keyway 
broached in it prior to this milling operation, and it is necessary 
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Fig. 12. Bill of Materiab for the Fixture Shown in Fig 11 


that this operation be located in definite relation to the keyway 
broached in the hub of the lever. 

To straddle-mill the small end of a steering-clutch release lever, 
a milling fixture similar to Fig. 11 is designed. The bill of materials 
is shown on Fig. 12. It will be noted that the base il) of this fixture 
is cast iron. Elongated slots are cast in the base. The pads around 
the slots are machined (see Fig. 13) to insure that the clamp bolts 
will seat properly. Two slots are milled in the bottom of the base 
to receive keys (10). The piece part is located in the fixture by 
means of a hardened and ground plug, detail 8. A washer (7) and 
nut (^) are used to clamp the piece at this point. In addition a 
screw (5) is used to make sure that the piece part seats properly on 
the serrated rest pad, detail Fig. 13 shows the detail of the base 
(detail 1) of this fixture with all necessary machining dimensions 
properly indicated. 
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It will be noted that clearance has been provided for the di¬ 
ameter of the cutter. This is shown as a 2%" radius on the extreme 
left-hand side of this drawing. Fig. 14 is a drawing of the details. 
Detail 2 is the hardened and ground rest pad with serrated face. 
The serrations prevent the piece part from slipping when the bosses 
are being milled. This rest pad is made of tool steel and is hardened 
and ground to prevent wear. 

The bore in the large end of the piece part slips over the locating* 
plug, detail 8. This locating plug has a thread to suit the clamping 
nut. A U-washer (detail 7) is used, and attention should be given 
to the flats %" wide that are milled on detail 8 in order to permit 
this U-washer to be placed over the locating plug. When the clamp 
nut is released, the U-washer can be slipped out and the piece part 
can be removed from the fixture without removing the nut from the 
locating plug. 

In order to prevent this plug from turning in the fixture, a spot 
is drilled in the rear portion of the locating plug and a cone-point 
screw (P) is inserted in the base of the fixture to look the locating 
plug in the proper position. In addition, a clamping screw (detail d) 
is used. This is to prevent the piece from moving upward when the 
bosses on the small end of the lever are being machined. This clamp¬ 
ing screw (detail 5) as will be noted from the assembly drawing, 
Fig. 11, has a cast-iron hand knob (3) attached to it by means of 
a pin (4). This hand knob permits the operator to exert the correct 
pressure, without much physical effort, to hold the piece part securely 
in the fixture. This design of milling fixture can readily be adapted 
to piece parts of a similar nature. 

Keyway Fixtures. To mill -keyways in shafts, a milling fix¬ 
ture similar to Fig. 15 may be designed. This is a comparatively 
simple type of fixture and, as will be noted, it involves some of the 
principles used in the design of jigs for drilling shafts, inasmuch as 
two hardened and ground V-blocks (detail 5) are mounted on the 
base (1) of this fixture to locate the shaft and clamp it securely. By 
carefully studying Fig. 15 it will be noted that this fixture consists 
of a cold-rolled steel base with slots milled on either end for the 
two locating keys, detail 7. A Woodruff keyway cutter is held in a 
chuck that is mounted in the milling machine for cutting the keyway. 
A feeler gage (Section A-A) is used to determine the depth of cut. 
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A spring \,15) is mounted on the clamp stud {11) so as to move the 
clamp up when the nut {12) is released. This allows the work to be 
removed readily. 



Fig. 16 illustrates the design of the various details of this fix¬ 
ture. Detail d is a flat spring that is mounted on the base of tbe 
fixture. This spring holds the shaft up against a stop (detail 2) 
which is designed to .be made of machine steel, carburized, hardened 
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and ground to resist wear. The clamp (detail 0) has an elongated 
slot to fit the clamp stud. On the tail end of the clamp, a slot 
wide is milled to 1/4" deep. This is on the bottom side of the clamp 
and holds it in place by means of a rest pin (detail 14 ) that is 
pressed into the milling fixture base. This pin prevents the clamp 
from twisting around on the work and from sliding too far. 

Fixtures for Milling Slots in Levers. On automobile and trac¬ 
tor production as well as other types of machine work a great many 
levers are used. These levers are sometimes fastened to a shaft by 
a binder bolt. This binding action takes place by means of a slot 
that is milled in one end of the lever so that a binder bolt can be 
inserted at right angles to the slot in order to bind the two sections 
of the lever together. To mill these slots in levers, a fixture similar 
to the one illustrated by Figs. 17A and 17B is designed. The base 
(detail 1 ) of this fixture is designed to be made of cast iron and is 
of the angle plate type. The bottom and inside face (this inside face 
contacts details 3 and 6 ) of this casting are machined to obtain true 
surfaces. A key way is machined in the bottom for keys ( 1 ^) which 
locate the fixture on the milling machine table. A locating pin (5) 
for the small bore of this lever is mounted in the face of the angle 
plate, and a locating plug (^) is mounted in the upper portion. 
Details of this locating plug are shown by Fig. 18. This plug is 
designed to be made out of machine steel and is carburized, hard¬ 
ened and ground. A slot has been milled clear through this 
locating plug so that the milling cutter will have clearance in milling 
the slot in the lever. The clamp, detail 4 Fig. 18, has the usual 
standard elongated slot; in addition, a %" slot is milled to %" 
depth from the rear portion of this clamp to the elongated slot.* This 
slot is designed so that when the clamp rest (detail 2 ) is mounted 
in the fixture, the clamp will slide forward and back, and the slot 
will prevent it from twisting or turning when the clamp nut is 
tightened to hold the work securely in the fixture. 

The clamps shown in Figs. 8, 15, and 17A are presented to 
acquaint the tool designer with different means of clamping, and to 
show the different methods that can be used to prevent clamps from 
turning or getting out of position in the fixture. 

Fixtures for Milling Flanges. To mill flanges on air-cleaner 
pipes, inlets and exhaust manifolds, milling fixtures similar to Fig. 19 
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Fig. 17B. Part of Amembly Drawing and Bill of Materials for the 
Fixture Shown in Fig. 17A 


are designed. This drawing shows the location of various details 
that are designed for a fixture of this type. The clamping means 
employed here is a combination of a hinged and swinging clamp to 
permit the rapid loading and unloading of the piece parts. Fig. 20 
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for ^filling Flange on Air Pipe 
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Fie- 21. Additional Detidls and Bill of Materials for the Fixture Shown in Fig. 10 
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illustrates detail 1, the design of the base of this, milling fixture. 
The various sections are welded in place, after which the base is 
normalized to relieve stresses. Designs of details 4y and 14 are 
also shown in this illustration. 

Fig. 21 shows additional details. The V-block (detail i) is 
shown mounted on the extreme left-hand end of the assembly draw¬ 
ing, Fig. 19. Detail 5, Fig. 21, is a diflScult piece to show and it will 
be noted that three views have been drawn, in addition to the top 
view, in order to illustrate the design. The yoke (detail S) is 
mounted to the fixture by means of a pin (9) and detail 6, To pro¬ 
vide adjustment, two nuts {!£) are used, one nut acting as a lock 
nut. Referring again to detail 5, Fig. 21, this clamping yoke is 
slotted on the right-hand end for a latch screw (detail 4)- The latch 
screw (4) pivots on a pin (^) after nut 10 is loosened, allowing the 
yoke to swing to the left on anotlier pin (P). This facilitates removal 
of the piece part. This design is frequently employed for work of 
this type and on jobs where it would be hard to clamp by any 
other means. 

A fixture similar to Fig. 22 is frequently designed for use in 
milling flanges, pipes, and manifolds because of their peculiar con¬ 
tours and the difficulty experienced in holding such work in the 
proper position. This fixture, as wdll be noted, has a positive stop 
(4) in the form of a V-block. This is serrated in order to grip the 
piece properly. The clamp {6) has a fulcrum point which is below 
the center line so that when the clamp screw, (10) is applied against 
the clamp, the work piece is held down against the triangular sur¬ 
faces Ay By Cy nud Dy aud against detail 13. 

The base of this milling fixture, detail 3 Fig. 23, is designed 
to be made of welded steel construction. All necessary machining 
dimensions are put on the drawings to aid the tool foom. Detail 4 
shows the design of the positive locating means. It will be noted 
that this detail is made of machine steel and is carburized, hardened 
and ground. I’he serrations, that are at an angle of 45° from the 
center line, are to prevent the piece part from slipping upwards 
when the part is clamped in the fixture. Detail 6 shows the design 
of the clamp. This is made of machine steel and is carburized, 
hardened and ground to prevent wear. 

By referring again to Fig. 22 it will be noted that a spring,. 
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detail S, is mounted in the fixture to engage the lower part of the 
clamp so that when the clamping bcrew (detail 10) is released, the 
clamp (detail 6) will spring back from the work, permitting ready 
removal of the piece part. The design of this fixture should he 
carefully studied by the tool designer, as ideas embodied in it can 
frequently be U'^ed on milling fixtures. 

In designing milling fixtures the tool designer should keep in 


tf 



Fig. 24. Double Milling Fixture for Machining Top and Bottom of a 
Kefngerator Compreaaor Cylinder 


mind that where production warrants it, fixtures should be designed 
to hold as many piece parts as possible, and still be consistent with 
case of handling, loading, and unloading the piece parts. Fig. 24 is 
a photograph of a double milling fixture to machine the top and 
bottom of a refrigerator compressor cylinder. The design of this 
fixture is very rugged, as can be seen from this illustration. The 
clamps are extremely heavy so as to clamp this piece part securely 
in the fixture. It will be noted that these compressor cylinders are 
put in the fixture in opposite directions and the milling machine is 
of a production type with two inserted-blade milling cutters. This 
is a good illustration of a rigid type of milling fixture. 
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On some types of milling operation, due to the irregularity of 
design of the part to be machined, it is sometimes diffic lit to design 
a fixture that will hold this piece in the correct position for milling. 

Fig. 25 is an assembly drawing of a milling fixture for milling 
a surface on a gear shift lever quadrant. The piece part and the 
surface to be machined are shown in this drawing. The details of 
the design are shown by Figs. 26A, 26B, and 26C. The base, detail 
If is made from a gray iron casting. 

The body of the fixture (detail 2) is designed to be made of a 
gray iron casting to prevent excess machining that would ordinarily 
be done if it were made from steel. This body has an elongated slot 
machined in it to accommodate a clamping bar, detail 7. This 
clamping bar is made of SAE 1020 steel, is hardened and ground, 
and has a 90° angular surface ground on it to locate it on the radius 
of the piece part. By carefully studying the details of this milling 
fixture and comparing them with the assembly drawing. Fig. 25, 
the location of these details can be determined. As stated before, 
the irregular shape of this casting makes it somewhat difficult to 
hold properly. All points in the fixture against which the piece 
part is located are hardened and ground, and clamping screws are 
provided where necessary to hold the work securely for the milling 
operation. This is a good example of difficult milling fixture design, 
and the drawing clearly illustrates the various details. It is also a 
good example of drawing, as all parts of the milling fixture have 
been given titles so that the toolmaker can readily identify them. 

In the manufacture of washing machines there are a number 
of parts that are milled; among them are gear housings. Fig. 27 
illustrates a fixture for face nulling four of these housings at one 
time. This is an example of good'milling fixture design. The piece 
part has been bored in the lower section prior to the milling operar 
tion. These gear housings are then located in the milling fixture 
by means of fixed and movable locating plugs that are actuated by 
levers which can be seen in the extreme left-hand side of this 
photograph. The housing rests against hardened and ground pins 
inserted in the fixture, and two clamps are provided, each clamps 
two piece parts, one piece part on either side of the fixture. Addi¬ 
tional screws are also provided to prevent movement of this part, 
and two inserted-blade face-milling cutters are located in this pro- 
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duction-type milling machine. This design of milling fixture permits 
rapid loading and unloading of the piece parts. 
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parts %re used together and it is necessary that thepr fit each other; 
therefore, the same fixture is used for both parts. On one a tongur 
is milled, and on the other piece a slot is milled. 
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Fig. 30 is an assembly drawing illustrating a top view of this 
fixture. Section A-A shows a view through the fixture. Two 
magazines such as the one shown in Fig. 31, are used with 
this fixture. Six of these piece parts can be loaded into one 
magazine by the operator, while the piece parts in the other maga¬ 
zine HIM being machined in the fixture. These magazines enrbie 
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the operator to obtain the required production, and the design is 
such that the pieces are properly located by means of V-blocks. 
To make sure that these parts will be in the correct location in 



Jb’iK 27 Fixture for F*ice Milling Four Gear Houxingx at One Time 



CP Sr FAO. 2 R£Q. 

Pig 28 Pie<e Part to be 
Milled in Fixture, Fig 30 



Pf£C£ PART^OP^I49B$ 
CR $T FAO 2R£Q 


Pig 29 Piece Part to be 
Milled in Fixture, Fig 30 


the magazine, a loading block, Fig. 32, is designed. This is made 
of SAE 1045 steel and is dimensioned to obtain the correct location 
of the piece parts The base of the fixture. Fig. 33, is designed to 
be made out of cast iron, as a casting for a milling fixture of this 
type would be less expensive than welded steel construction. It will 
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High-Production Milling Fixture for Machining Tongues and Slots on Work Shown in Figs. 28 and 29 
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be noted that this base is machined very accurately to insure ac* 
curate work. 

Other details of this fixture are shown by Fig. 34. Detail £6 is a 
V-block with six 90° vees to locate these round piece parts in the 
correct position. The V-block is the most positive way of locating 



Fig. 31. Milling Fixture Maguaine for Holding Work in Fixture ^ihowr. in Fig. 30 
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Fig. S2. Losiding Block Used with Mftgaxine Shown in Fig. 31 


round work, either in drill jigs or in any other type of fixture. Due 
to the fact that great quantities of pieces are to be produced with 
this milling fixture, this V-block (detail 26) is hardened and ground 
to eliminate wear. The location of the other details shown in Fig. 34 
can readily be identified by referring to the assembly drawing, 
Fig. 30. 

It will be noted that detail 6 of Fig. 34 is a clamp. To enable 
tlie tool room to properly make this part it is necessary to chow 
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Working Drawing of Base of Fucture Shown in Fig. 30 
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Fig. 34. Working Drawing of Parta of Milling Fixture Shown in Fig. 80 
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Fig. 36. Bill of Materials for Fixture Shown in Fig. 30 


three views. The clamp is subject to considerable wear; therefore 
it is hardened and ground to insure accuracy and long life. 

Fig. 35 illustrates additional details of this fixture, and in Fig. 
36 is shown the bill of materials. These figures illustrate the proper 
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way to make a set of tool drawings. Note that all necessary infor¬ 
mation is contained in the bill of materials, including the finished 
stock sizes, and the names of the details are clearly stated. This 
eliminates guess work and prevents misunderstanding in the tool 
room where the fixture is to be made. It also helps identify the 
various details that go into the complete milling fixture and, in the 
event of replacements, it is simple to specify a certain detail by name. 

On high-production milling it is sometimes necessary to design 



Fik. 'i7. Indexing Milling Fixture for Milling Wrench ITundlcb 


and build indexing milling fixtures which allow the piece parts to 
be loaded and unloaded without stopping the machine. A good ex¬ 
ample of an indexing milling fixture is shown by Fig. 37. In this 
illustration, one side of a jaw of a wrench handle is being milled. 
You will note that this fixture is built with two different heights. 
The reason for this is that on a production-type milling machine 
with a milling head on either side of the table, eight piece parts (in 
this instance there are eight to each loading) are milled in one side 
and the fixture is then indexed and the other side is set so that it 
will mill the eight handles in the lower position in the fixture. 

In milling a number of parts in a milling fixture it is necessary 
that the clamping be very rigid. You will note in this illustration 
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that adequate clamping facilities have been provided. These clamps 
are heavy and the base of the fixture, which is made of cast iron, is 
very rigid due to the mass of material that has been used. 

BROACHING FIXTURES 

The technique and machines for broaching have been constantly 
improving during a period of years and at the present time the 
use of broaches (which are the cutting tools) and broaching fixtures 
is constantly increasing because broaching is one of the most accu¬ 
rate ways of reproducing certain dimensions in metal. Whatever 
accuracy is designed and built into a broach will be reproduced in 
the piece parts the broaches cut. On many types of work a job of 
broaching has proved to be faster than if the work were done with 
milling machine cutters and milling fixtures. For some years, lim¬ 
itations on broaching were due to the kck of broaching machines 
of suitable types. This condition has been corrected and today 
broaching machines are made in all types, horizontal and vertical. 
The size of broaching machines was also a limiting factor, but this 
has been changed of late years. The tool designer is frequently 
called on to design fixtures for these various types of broaching 
machines. 

Broaching fixtures have a number of points in common with 
the design of drill jigs and milling fixtures, in that the piece parts 
must be located properly, and chip clearance provided as well as 
means for holding the work in the correct position for the broaching 
operation. However, on a great many piece parts that are broached, 
the simplest types of fixtures can be designed. In some instances no 
fixtures are necessary; for example, in broaching bronze bushings. 
They are just held against the face plate and the broach is pulled 
through, as the design of the broach is such that it tends to center 
the work properly. 

Fixtures for Keyway Broaching. The simplest form of broach¬ 
ing is machining keyways in gears, and the bores of pulleys and 
bushings. Fig. 38 is a design of a simple keyway broaching fixture. 
This consists of a round steel flange that is drilled and counterbored 
for socket-head cap screws which attach this flange to the face of 
the broaching machine. In addition, two holes for dowel pins 
are drilled and reamed in this flange. A plug, approximately the 
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same diameter as the bore of the gear, is designed as part of the 
fixture and a key way is machined into the plug and through the rest 
of the fixture as shown, so that when the spur gear is mounted over 
the plug, and the keyway broaching bar is inserted into the pull 
head of the broaching machine, the keyway in the gear will be cut 
by pulling the broach through the gear that is mounted on the 
broaching fixture. These types of fixtures are sometimes termed 



Pig. 38. Spur Gear Mounted in Broaching Fixture Heady for Cutting Straight Key way 


work supports. In this piece part the location of the keyway is not 
important, therefore it is not necessary to locate the gear in any 
particular place on the face of the broaching fixture. 

Where it is necessary to broach a keyway in a certain location 
in a piece part, a broaching fixture similar to Fig. 39 is designed. 
In this case the fixture is somewhat similar to that shown in Fig. 38, 
except that there are two locating pins (detail 4) mounted on the 
face plate (1) of this fixture to hold the work piece in definite rela¬ 
tion so that the keyway will be broached in the proper position. 

This fixture is used for high production; therefore, hardened 
and ground wear strip (detail B) is provided. This consists of a 
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piece of flat machine steel that is carburized, hardened and ground. 
The back of the keyway broaching bar rests on this strip. This 
prevents wear and maintains accuracy. 

Detail 5 is a plug that is also hardened and ground, and it will 
be noted that this is a combination locating plug and rest pad. It is 
designed to be made with a shoulder so that the face of the work 
will rest against the hardened shoulder. The keyway is machined 



Fig. 40. Bushing Mounted in Broaching Fixture for 
Cutting Taper Groove 


in this plug and through the base of the fixture so that the broaching 
bar ean be inserted through the fixture and through the pull head of 
the broaching machine in order to broach the keyway in the piece 
part. This design is for broaching keyways on horizontal pull-type 
broaching machines. 

On certain types of piece parts it is necessary to have a taper 
keyway in order to mount the piece part on a shaft that is also 
tapered. It is also necessary at times to broach taper grooves in 
bushings. To do a job of this kind, a taper groove or keyway broach¬ 
ing fixtive similar to Fig. 40 is designed. Due to the design of the 
face of the broaching machine, the reducing bushing is turned so 
that a shoulder is created, and this is attached to the face of the 
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Fi«. 41. Production Drawing of Piece Part Broached in Fixture Shown in Fig. 42 

taper keyway or groove is to be broached. In this case this angle 
is 2 degrees 52 minutes. The locating plug is tapered so that when 
the work piece is mounted on the locating plug and the straight 
broach is pulled through the work, it will cut this taper ^oove to 
the correct angle. 

Fixtures for Broaching a Rectangular Hole. To broach a rec¬ 
tangular hole in a piece part similar to Fig. 41 in which the rectan- 
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gular hole extends through the part and must be in definite relation 
to other dimensions, a broaching fixture similar to Fig. 42 is designed. 
Due to the shape of the piece part it is necessary to provide clamping 
means on the broach fixture. By referring to Fig. 42 it will be seen 
that a swinging hinged clamp (5) is provided. 

The fixture body (1) is somewhat similar to those already 
described except for the supporting brackets shown by Fig. 43. This 
body is a gray iron casting that is designed to locate and hold the 
piece part in the correct position. A hardened and ground wear 
plate (detail 2) is designed to be made of tool steel so that the back 
of the rectangular broach will slide on this wear plate and prevent 
the teeth from destroying the accuracy of the fixture. 

Fig. 44 illustrates the design of the face plate (5), the clamp 
(5), and the clamp screw (4). Referring again to Fig. 42, the loca¬ 
tions of these details are shown in the assembly drawing. The lower 
left-hand corner shows a sectional view of this fixture mounted to 
the face plate of a broaching machine. 

Fixtures for Broaching Serrations. For high-production broach¬ 
ing for an item like a pipe wrench that has a scries of serrated 
teeth in it to hold the pipe and to grip it securely, it is necessary 
either to mill or to broach these teeth. Formerly milling cutters 
were used to cut them, but at the present time the teeth are machined 
in these handles and in jaw ends of pipe wrenches by means of 
broaches and broaching fixtures. For a job of this kind, a broaching 
fixture similar to that shown in Fig. 45 is designed. This fixture has 
been designed so that two pipe-wrench handles can be loaded at one 
time. As will be seen from this drawing, the fixture consists of a base 
plate that is mounted in the face of the broaching machine, and a 
hardened and ground locating gage block (6) is attached to the 
fixture by means of flat-head machine screw^s (5). 

The wrench handlfe is machined on the sides so that when the 
pieces are loaded in the fixture there w ill be no unevenness and no 
rocking of the piece part. Hardened and ground w^^ar plates (de¬ 
tails 4 and 11) are provided to guide the broaching bar. It is not 
necessary to clamp these parts in the fixture because of the fact 
that the piece part fits in on the gage blocks in the proper position 
and the pulling action of the broach tends to hold these pieces se¬ 
curely in place 
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Fig. 42. Piece Part Clamped in Broaching Fixture for Cutting Rectangular Hole 
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Fig. 43. Working Drawings of Brosehing Fisture Shown in Fig. 42 


To design a fixture for the jaw end of a pipe wrench, a fixture 
such as the one shown in Fig. 46 is designed. It will be seen that, 
due to the shape of the piece part, it is necessary to provide clamping 
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Fig. 45. Broaching Fixture Showing Two Pipe-Wrench Handles ^%hich 
Are Machined in One Stroke of the Broach 
























Fig. 46. Broaching Fixture Showing Two Pipe-Wrench Jaw Ends which Are Machined in One Sti-oke of the Broach 
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means. In this fixture, two pipe-wrench jaws are broached at one 
time. The clamping means is a latch type clamp thi^t holds the 
piece part securely in the fixture. Hardened and ground locating 



Fig 47 Double-Spindle Hvdraulio Vertical Broaching Machine Equipped aith 
Hydra licully Operated Broaching Fixtures 


stops are provided so that there will be no excessive wear of the 
fixture due to the loading and unloading of a large number of 
piece parts 

Fixtures of Broaching on High>Production Work. On a great 
many broaching operations in automobile plants, due to the very 
large number of parts that are to be produced (such as parts fqr 
tmiversal joints for the drive shaft of an automobile) the fixtures 
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are sometimes very elaborate. Fig. 47 is an illustration showing 
hydraulic broaching fixtures for performing several operations on 
parts of a universal joint. The piece parts are shown at the front 
of this machine. They go through a succession of broaching opera¬ 
tions and are completely broached at the end of the work cycle. 
Broaching machines of this type are used largely in high-production 
manufacturing plants. 


BORING FIXTURES 

In designing boring fixtures, as in the designing of drill jigs, 
the accuracy of the part to be produced depends upon the accuracy 
that is designed and built into the fixture. There are almost as many 
types of boring fixtures as there are types of drill jigs; therefore the 
details of boring fixture design will not be discussed or shown at 
any great length in this book on account of space limitations. The 
tool designer must keep in mind certain injportant points in boring 
fixture design, and these are identical with those given in the section 
of this book on drill jig design. 

There are a great many boring operations performed on certain 
classes of work where fixtures are not used because of the small 
quantity produced. Such jobs are usually done in horizontal boring 
machines. The bar is then guided in the outer bearing bracket of 
the boring machine. There is one very important point for the tool 
designer to bear in mind when designing boring fixtures where guide 
bushings are to be used; that is, that the length of the guide bushings 
must be at least one and one-half times the diameter of the boring 
bar that will be used in the fixture. For example, if a 2" boring bar 
is to be used to machine the work piece, the guide bushing for this 
boring bar should be at least 3" long. In many plants it is con¬ 
sidered good practice to have the length of the guide bushing double 
the diameter. In other words, if a 2" bar is used, the guide bushing 
will be 4" in length. If the tool designer will keep in mind the fact 
that boring is somewhat similar to operations performed in drill 
jigs, he should have no great difficulty in designing boring fixtures. 

Fixtures for Boring Cylinder Blocks. Fig. 48 illustrates a bor¬ 
ing fixture designed for use in machining the cylinder bores in an 
engine block. This fixture consists of a cast-iron base that has a 
separate bushing plate mounted on the top of it by means of hex- 
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agon-head screws, and with dowel pins to locate it properly. Four 
hardened and ground steel bushings are inserted in this bushing plate 
to guide the boring bars in the correct position. Locating pins and 
rest pads are provided in the base of this fixture, and the 4-cylinder 
block can be clamped in the fixture by means of the steel clamp>s on 
either side of the fixture. In this design of fixture the boring bars 
are guided on the top end only; therefore, these bushings are made 
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Fie. 48. Boring I^lxture for Boring Four Holes in One Operation 
Courtesy of Kdly Reamer Co.^ Cleveland, Ohio 


extra long so that there will be no possibility of the bars springing 
out of line while the boring operation is being performed. 

To design a fixture for boring six holes Simultaneously in a 6- 
cylinder automobile block, a fixture similar to Fig. 49 would be 
designed. This fixture has pilot bushings at top and bottom to insure 
positive alignment of the boring bars in the fixture. In the bushing 
plate in this boring fixture, hardened and ground liner bushings are 
provided to receive the pilot bushings that are inserted on the shank 
end of the boring bar. The pilot bushings on the boring bars them¬ 
selves are larger than the diameter of the bore. This is necessary by 
reason of the fact thgt it would be impossible to have the bars guided 
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properly unless the bushings could hold the boring bars in positive 
alignment, and due to the diameter of the bore it would be necessary 
to make the shank diameters of these bars quite large. This would 



Fig. 49. Bonng fixture for Boring Six Holes in One Operation 
CourUsy of KdLy Reamer Co., Cleveland, Ohto 


be a useless waste of material and would add excessive weight to the 
sliding head of the vertical type boring machine that is used for 
this job. 

Fixtures for Double-End Boring Machines. On high-produc¬ 
tion boring of automobile and tractor parts, special double-end 
boring machines are employed. Fig. 50 illustrates a double-end 
boring machine with a vertical spindle for boring a hole in the top 
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Fig 60 Three«Way Hydrauhcally Operated Bonng Machine 



Fig. 51. Tfavee-Way Hodaontol Drilliiig and Boring Mariilne 
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of a piece part. This fixture is provided with guide bushings cm 
either end, and the boring bars are made with hardened and ground 
wear 8tr4>s to prevent wear and insure accuracy. This fixture is 
so large that eyebolts are provided so it can be removed readily 
from the machine by means of a crane. This machine has multiple 
horisontal spindle heads on either end, and one vertical spindle head. 
The heads are all operated by means of hydraulic cylinders. 

Fixtures for Horizontal Boring Machines. To bore transmission 
housings, 3-way horizontal boring machines are used. Fig. 51 shows 
a machine of this type with a fixture mounted in the center. This 
fixture, as will be noted, is very simple and consists of a box-type 
casting in which the piece pwrt is located by means of locating pins. 
It is set on rest pads and clamped in position by means gf the screw 
clamp. The photograph also shows two of these piece parts in the 
immediate foreground of the machine. This is also a hydraulic ma¬ 
chine; the three heads traverse in and out by means of hydraulic 
pressure. Stops are provided on the machine so that these heads 
will travel only to a certain position and are then reversed. While 
in this case the machine is somewhat complicated, the fixture is very 
simple, which is always considered good design practice. 

QRINDINQ FIXTURES 

Grinding operations are becoming more important in modern 
metal-manufacturing plants due to the fact that a great many parts 
that were formerly left soft are now hardened and ground to the 
finished dimensions. In addition, a great number of gears that were 
formerly left soft are now hardened, and this means that they must 
be ground on certain sections in order to obtain the required accuracy. 

To perform many of these grinding operations.it is necessary 
to design grinding fixtures. A great many production parts can be 
ground, without the use of fixtures, in machines such as surface 
grinders. These are of two types: either wet or dry. A wet surface 
grinder is one having a coolant tank and pump moimted in the base 
of the machine. The coolant, as it flows over the work, removes the 
waste material and the fine grit from the grinding wheel. 

Fixtures for Use in Surface Grinding. Fig. 52 is a bearing 
spacer. It will be noted from liie drawing that it is ground on both 
ends. Being a circular piece, it would be expensive to grind this in an 
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ordinaiy cylindrical grinder; therefore it was decided that this i»eee 
should be ground in a vertical grinding machine. This type of ma¬ 
chine has a magnetic chuck tiiat revolves, and a vertical spindle 
with a grinding wheel mounted on it in a horizontal poution. The 
chuck revolves in one direction and the grinding wheel in tiie oppo¬ 
site direction. Therefore it was decided to use a grinding fixture, 
Fig. 53. As will be noted from the drawing, this fixture is designed 
to be made of SAE 1020 steel tiiick. Two pieces of this material 
are used, rolled into an inner and outer ring. Stiffener pieces (detail 
5) are used to tie the inner (f) and the outer (f) rings togetiier. 



These pieces are welded to both rings, to make the complete fixture. 
This creates four sections, each accommodating five piece parts, 
making a total of 20 pieces groimd on one side at each setup. After 
one surface has been groimd, the piece parts are inverted in the 
fixture, are again mounted on the magnetic chuck; and the other 
end of each piece part is ground to the required dimension. Fixtures 
of similar design can be used for a wide variety of piece parts that 
are ground on one or both ends. 

Fixtures for Use in Disk Grinding. There are a number of piece 
parts that are disk ground on the face so as to obtain a true surface 
for subsequent machining operations. Fig. 54 is a production drawing 
of a piece part which is a clutch fork bearing for a farm tractor. 
In section B-B, note tiie “G” on the face of this piece part which. 
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ixidicates that this section must be ground. This piece part is a gray 
iron casting and is somewhat irregular in shape. It would therefore 
be difficult to grind this without the use of a fixture; and, due to the 
quantity desired, it was necessary to design a fixture to do this job. 

The upper drawing of Fig. 65 shows the top view of this grinding 
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Fig. 53. Grinding Fixture for a Bearing Spacer 


fixture, illustrating the piece parts in position in the fixture. The 
body of this grinding fixture is made of cast iron and is of angle- 
plate design, ribs being provided to add stiffness to the upright sec¬ 
tion of the fixture body. The lower drawing shows the front view 
of the fixture with two pieces clamped in it. The side view. Fig. 56, 
illustrates the design of the clamp (d). It will be noted that detail 
/f is a hardened and ground clamp block that is serrated in order 
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to prevent tiie piece parts from slipping in the fixture. The design 
of the clamp (9) is somewhat unusual to insure that these piece 



r.ates'iMe 



Fig. 54. Production Drawing for a Clutch Fork Bearing 

parts will be held securely while the grinding operation is performed; 
therefore, serrated teeth are provided on the front end of the clamp.* 
In order to provide a positive means for pulling this piece part back 
against the locating plates, the tail of the clamp is designed to have 
an angle of 30^ and the section of the fixture body where the tail 
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of the clamp rests is also machined to a 30^ angle. The reason for 
this is that when the piece parts are loaded into the grinding fixture 
and the clamp tightened, the serrated teeth will hold the work, and 
the action of the angular sections (on the clamp tail and the fixture 
body) will have a tendency to pull the work back against the lo¬ 
cating plate (detail £). 

This piece part is ground in a disk grinding machine, with a 
steel face-plate to which is attached a grinding disk. The disk is 
mounted in a vertical position in the machine, and the fixture is 
clamped to the table and located by means of a key way in the base 
of the grinding fixture. The piece parts mounted in the fixture then 
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Fig. 57. Bevel Gear Deflection Set Screw 


traverse back and forth across the face of the grinding disk to obtain 
a true surface. 

When it is necessary to design a grinding fixture for holding a 
number of piece parts similar to Fig. 57 on which the ends are 
hardened and where it is necessary'to obtain a smooth finish after 
hardening, a fixture such as that showm in Figs. 58A and 58B is 
designed. Due to the design of the piece part, which is a set screw, 
and the large quantities in which these piece parts are produced, the 
fixture must be capable of holding a large number of parts. This 
grinding fixture. Fig. 58A, therefore was designed so that 22 parts 
can be loaded in the fixture at one time. 

To prevent the parts from rotating by reason of the action of 
the vertical grinding wheel, it was necessary to design the inner 
portion in a spherical form with 22 V-sections. 
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In this fixture the work is clamped by means'of the steel band 
(detail i) which is made out of spring steel. It forces the work 



against the vees of the inner ring, detail 3. Clamping is accomplished 
by means of turning screw 9. 

Detail 9 has a hole drilled in it at right angles to the axis 
so that a handle can be inserted to obtain the required leverage in 


401 






68 


TOOL DESIGN 


clamping the pieces in the fixture. In action, this clamping ring is 
somewhat similar to the brake bands of an automobile and, when 
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Fig. 58B. Details and Bill of Materials for the Fixture Shown in Fig. 58A 

the pieces are loaded in the fixture and the screw (detail 9 ) is tight* 
ened, it prevents the piece parts from rotating and tends to lock 
them in the fixture in a true vertical plane so that the specifications 
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on the piece-part drawing will be followed; that is, the ends of the 
piece part must be square with the thread within the limits specified, 
in this case .006". The inner ring of the fixture lias four rest lugs 
{IS) brazed to it so that the fixture will be located on the magnetic 
chuck of the vertical grinding machine at the correct height. These 
lugs also permit the grit and abrasive materials to be cleaned out 
of the fixture, and it will be noted from the design of this fixture 
that the piece parts can be loaded and unloaded very rapidly. If the 
fixture were not designed in the manner shown here, it would be 
necessary to provide individual clamps for the piece parts, which 
would slow up production. 

SPOTFACINQ FIXTURES 

Spotfacing fixtures are designed for types of piece parts, partic¬ 
ularly castings, which need machining only where a hole is drilled 
and it is desired to have a true surface for a shoulder of a shaft or 
head of a bolt. These are usually simple jobs and the spotfacing 
cutter is provided with a pilot that guides the cutter in the previously 
drilled hole. 

On a part similar tp a farm tractor clutch fork, a spotfacing 
fixture such as Fig. 59 is designed. On this piece part the drawing 
calls for spotfacing both ends of the hub section of this clutch fork 
and as this job is to be done in a drill press it is necessary that the 
fixture be designed so that both sides of this hub can be spotfaced 
in one setup. Therefore the fixture, as designed, consists of a base 
made out of steel with a hardened and ground plug pressed into it. 
This plug is designed to be made with a shoulder so that the piece 
part will rest on the shoulder while the spotfacing operation is being 
performed. A stop pin (detail 1) is mounted .in the base to prevent 
the piece part from turning. After one side has been spotfaced, the 
piece is turned 180° and the opposite side is spotfaced. 

This particular fixture has been designed to accommodate three 
different sizes of piece parts. Note that there are three sizes of plugs 
provided (6, 4 and 5) and a hole has been drilled and reamed in the 
base at the proper place to accommodate each. (See the top drawing 
of Fig. 59.) It is only necessary to press out the locating plug (de¬ 
tail S) from the base of the fixture and mount another plug of the 
desired size in the hole that has been provided for it in the fixture 
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base. Fixtures similar to the design illustrated here, consisting of a 
base plate and a plug are frequently designed for the spotfacing of 
both sides of cast-iron or steel levers and other miscellaneous parts. 
Usually fixtures for spotfacing pieces of irregular shape are designed 
similar to drill jigs except that no bushing plates or drill bushings 
are provided. On certain drill jig designs the spotfacing operation 
can be performed by having large liner bushings that will guide the 
spotfacing tool. 


TAPPING FIXTURES 

Usually the tapping operation on piece parts can be performed 
immediately after the drilling operation and using the same jig; 
but on certain classes of work it is often necessary to do the tapping 
in a tapping machine or in another drill press by means of a tapping 
attachment. When a condition of this kind is met, tapping fixtures 
are sometimes necessary due to the design of the piece part. For 
many second operations on screw machine parts, simple tapping 
fixtures are necessary. 

Fig. 60 is a design of a simple tapping fixture for tapping a hole 
in a piece part that is produced in a screw machine. This cross hole, 
due to its small size, is drilled in a sensitive bench-type drill press. 
This being a single-spindle machine it would be expensive to drill 
and tap a piece part of this kind in one operation; therefore a tap¬ 
ping machine is employed and a fixture similar to the one shown 
in Fig. 60 is designed. This consists of a body made out of a piece 
of hexagon-shaped cold-rolled steel, with a hole drilled and tapped 
in the bottom for attaching it to the table of the tapping machine. 
A vee is milled in the upper portion of the fixture body and two top 
plates are mounted by means of screws. The work is then slid into 
the vee section of the fixture for the tapping operation. Chip clear¬ 
ance holes are drilled in the body so that the chips will fall through 
the hole and prevent interference with the work. 

Tapping fixtures are somewhat similar to drill jigs, in general, 
but they do not have bushing plates or guide bushings, as it is not 
necessary to guide the tap because the tap will usually follow the 
drilled hole. Therefore, the tool designer, when confronted with the 
problem of designing a tapping fixture, should employ the same de¬ 
sign methods used for a drill jig, except as previously noted. 
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PLANING FIXTURES 

Most machining operations that are performed in a planer are 
done without the use of fixtures because of the fact that it is usually 
large work and the piece part is set up by means of angle plates, 
blocks, straps and clamps; and after one side has been planed, the 
piece part can usually be located directly on the table and fastened 
to it by means of various types of clamps or straps. However, on 
certain jobs that must be produced in fairly large quantities, and 
when no other type of machine is available for the purpose, planing 
fixtures are designed. 

For a piece part such as a round shaft that is used for an axle, 
and where it is desired to have a flat at a certain point on this axle, 
the job is sometimes done in a planer. Therefore a fixture similar to 
Fig. 61 is designed. This planing fixture consists of a steel base 
(1) with six V-grooves machined in it so as to accommodate six 
shafts in diameter. Six long dowel pins in diameter by 
3^/4" long (4) are inserted in the slots at the bottom of the V-grooves 
so as to locate the shafts in the correct position in the fixture. Six 
studs are designed to be mounted in between the V-grooves so that 
forged steel U-clamps can be employed for clamping the piece 
parts in the fixture. These are shown by detail 9, This design of 
clamp is employed because it is easy to slip them off the stud for 
loading and unloading the piece part. Springs are not put under the 
clamp as they would be unnecessary with a clamp designed in this 
manner. 

On the lower portion of Fig. 61 is a series of steps that are given 
in decimal dimensions as follows: 1.760" plus or minus .002"; 
.600" plus or minus .002". These steps have been provided for setting 
the planer tool in machining the piece parts. 

Note that the base of this fixture is provided with keys (S) 
similar to those used in milling machines. These keys are for lo¬ 
cating the fixture on the planer table in the correct position. U-slots 
have been provided on either end of the base of the fixture so that 
it can be firmly clamped to the planer table. Inasmuch as planer 
fixtures are somewhat similar to milling fixtures, and typical ex¬ 
amples of milling-fixture design were illustrated and described at 
the beginning of this section of the book, no other types of these 
fixtures will be illustrated or described. 
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Fig. 02. WoWod Steel Drill Jig 
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WELDED JIQS AND FIXTURES 

The use of welded jigs and fixtures has been constantly increas¬ 
ing. In some manufacturing plants practically all types of jigs and 
fixtures are designed to be made of* welded steel construction. In 
many cases the jig or fixture would be a better job if it were designed 
to be made from a casting. Good judgment must be used by the tool 
designer in specifying the type of construction. In many instances 
welded steel construction is stronger, better, and cheaper than a 
fixture designed to be made from a casting. On certain types of 
fixtures a casting is the correct design to be used. However, the 
question of whether to choose welded steel or castings in designing 
jigs and fixtures is the subject of many arguments. The personal 
experience of the tool designer as to the results obtained from the 
use of these types of construction is usually the basis for his choice 
of the type of materials and construction to be used in the jigs and 
fixtures he designs. 

There are certain symbols that are frequently used in the design 
of welded jigs and fixtures. In the appendix will be found « chart 
showing the various symbols used in arc welding. By using these 
symbols, considerable time is saved in the fabrication of jigs and 
fixtures made of welded steel construction. 

Fig. 62 shows the design of a welded steel drill jig. Welding 
symbols are indicated at the points where the various details of 
this drill jig are welded to the machine-steel base. The design of 
this jig is such that welded steel construction is the least expensive. 
This design is being shown here to give the tool designer an idea 
of the correct use of symbols for welded steel construction. 
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QUIZ QUESTIONS 

1. When the word ^^fixture’’ is used in metalwoikmg plants, what t>pe 
of device is usually meant? 

2 What 18 the primary purpose of a fixture^ 

3 In designing milling fixtures, what are some of the essential points 
to be considered^ 

4 Before designing a milling fixture, why is it essential to get all 
available information concerning the dimensions of the milling machine table 
on which the fixture is to be used^ 

5 If the fixture design shown in Fig 4 were to be used for producing 
piece parts in large quantities, what changes would be made in its construction? 

6 What are some of the special features of the fixtuie shown m Fig 5? 

7 In designing a straddle-milling fixture, what precautions must be 
taken in regard to the cutter and fixture? 

8 What id the distinctive feature of the clamping device used in con¬ 
nection with the fixture shown in Figs 19 and 20? 

9 What t>pes of jobs use fixtures similar to Fig 22? 

10 When designing milling fixtures, what consideration governs the 
number of piece parts the fixture will be designed to hold? 

11 What are some of the special features on the milling fixture shown 
in Fig 27? 

12 What IS the special value or characteristic of bioaching operations^ 

13 What points do btoachmg fixtures have in common with other types 
of drill Jigs and milling fixtures? 

14 In making serrations on a piece part what method other than rutting 
them with milling cutters is now in general use? 

15 In designing boring fixtures, how does the length of the guide bushing 
compare with the diameter of the boiing bar used in the fixture? 

16 In the boring fixture illustrated in Fig 49, how are the pilot bushings 
placed and what is their function^ 

17 In the fixture shown in Figs 55 and 56, what aic some of the special 
features in the clamping methods used for holding the piece part? 

18 What are the special features of the fixtuie shown in Figs 58A 
and 58B? 

19 In designing tapping fixtuies, what distinctne difference is there in 
comparison to the design of a drill jig fixture? 

20 Discuss the use of welded jigs and fixtures 
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DIES 

In modern metai-manufacturing plants the use of metal stamp¬ 
ings has been constantly increasing due to the fact that stampings 
produced from flat sheet metal have proved more economical than 
castings on a great many parts. Formerly, castings were used ex¬ 
tensively fot a number of parts because the size of the power punch 
press was a limiting factor. At the present time, the size of power 
punch presses is limited only by the demands made by the metal¬ 
manufacturing plants. In the automotive industry the entire turret 
top of an automobile is made from a single piece of sheet metal. 

Stampings have another advantage over castings made of vari¬ 
ous materials: when a stamping is produced by means of dies and 
a punch press, the piece is usually completely finished. Subsequent 
operations are required on certain types of stampings; for example, 
the welding of brackets or sections of metal tliat would be heavier 
in cross section than the sheet metal the stamping was made from. 

In designing dies, a great many of the same points that have 
been emphasized in previous chapters must be given careful con¬ 
sideration by the tool designer. They are as follows: the type of 
die to be designed, the number of parts to be produced, and the 
capacity of the power punch presses that are available in the plant. 
The tool designer should always make a careful study of the part 
to be produced, then determine the type of die that he will design. 
The die must always be small enough in area to fit the die space 
in the punch press on wdiich it is to be used. 

The designer should also see that the height of the die is kept 
within the limits of the shut height of the punch press. A die con¬ 
sists of two parts: the upper, or punch section; the lower, or die 
section. When the two parts are put together, this equals the over¬ 
all height of the die. The shut height in a punch press is the dis¬ 
tance from the bolster plate to the lower part of the ram when the 
punch press is in the closed position, or at the bottom of the press 
stroke. The die should always be designed so that the stroke of 
the press will permit of enough clearance to load and unload the 
piece part from the die. 

m 
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Punch presses are made in a variety of types and in almost 
unlimited sizes, from the small bench press, to the foot-kick press 
which is operated by means of a counterweight and foot lever, to 
the largest type of motor-driven and hydraulically operated punch 
presses. 

The tool designer should try to keep the design of a die as 
simple and economical as possible. The piece part to be produced 
should be laid out on the tracing paper with a red pencil, and the 
die should be developed around this piece-part layout, from the 
center to the outside. The reason for this is that if the layout of 
the die is started from the outside, by the time the tool designer 
gets into the center of the piece part he possibly will find that there 
are interferences that will make the design useless. As an example, 
in designing a blanking die it might be found that, working from 
the outside diameter of the blank, not enough stock had been allowed 
in the die section to make a correct tool. Thus on all types of dies 
it is advisable to work from the center of the piece part outward, 
as in this manner sufficient stock can be added to the die where 
needed. 

When laying out forming dies, the tool designer should have 
the bends at right angles to the grain of the metal, particularly in 
making right-angle bends. This rule can be ignored in the case of 
some of the so*fter grades of steel, brass, copper and other metals. 
A sufficient radius must be allowed in the die to take care of right- 
angle bends. This radius should be equal to the stock thickness, or 
larger if possible. 

The layout of the die should take into consideration the most 
economical use of the material from which the piece part is to be 
made. It is considered good practice to make a paper template of 
the required piece part from a piece of heavy drawing paper. A 
piece of tracing paper is then used to represent the material, and 
the template is moved about on it until it is determined just what 
position will be most economical of material. This eliminates con¬ 
siderable stock waste. On only a few parts this stock waste might 
not mean much, but on a large number of pieces stock waste would 
be considerable and expensive. 

After the tool designer has carefully studied the piece-part 
drawing and has decided what type of die he is going to design, he 
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9H 

12 

10 

UH 

32 


Bolster width P-B... 

18 « 

17 

10^ 

38 

Bolster length R-L. . 

27 

34 

29 H 

20 

21H 

16 

19 

28 H 

33 

Bolster thickness- 

Opening in bolster 
F-B and R-L. 

2 

2H 

2 

. .IH 

IH 

IH 

2H 

3 

4 

6 D. 

9HD. 

5HD. 

5D. 

6D. 

4 

6H 

6Hk7 

4 

Openitm in machine 
bed F-B and R-L.. 



12x16 

17 D. 

14 D. 

SH D. 

SH D. 

7 


16x16 

25 

Ram width F-B. 





7H 

19 


Ram length R-L. . .*. 







9H 

23 


Diameter of punch 








shank. 

2H 

2P6 

3 

2H 

2^ 

2H 

Vi 

2H 

2H 

2 

3 


Height of punch shank 

2H 

2H 

3 


Max. diameter of 





knockout oin. 


1 

H 

H 

H 

No 

H 

1 


Max. ht.—K.O. pin 






above P. shank... 


2 

2H 

IH 

1 

No 

3 

5 


Throat distance from 







CX.^ of ram. 


11 

SH 

6 

SH 

G 




C.L.^ of ram back to 







C.L.^ of guide pin f. 


6 

4H 

3 

3 

f 

X 

X 


C.L^oframRandLto 








CX.* of guide pin t. 


7 

5H 

4H 

4>2 

4 

X 

t 

7 


Length of air cushion 
pinsf. 





Opening in sub-bol¬ 










ster. 








12x12 


Thickness of sub-bol¬ 









ster . 








4 


Tonnage of press.. .. 

'S7]4 

56 

36 

22 

1 26 

36 

43 

188 

215 


*Must use bolster. 

tApplies only when guide pins protrude above upper die shoe. 
tMust be below closed die. 

SMinimum below shoe when die is open. 

^Center line. 

Fig. 1 


should check up on the capacities of the punch presses available 
in the plant. In many of the metal-manufacturing plants, a data 
sheet, Fig. 1, is provided. In this sheet all the necessary dimensions 
of the available punch presses are given. The tobl designer, by 
looking at the data sheet, can usually determine what press the 
die should be designed for. The open-back inclinable punch press 
is one frequently used in the large majority of plants. This type 
of press is suitable for many punch-press operations that are per¬ 
formed in the average metal-manufacturing plant. The data sheet, 
Fig. 2, gives the tool designer all the necessary information. By 
referring to the data sheet in Fig. 1, the various dimensions given 
can be located by again referring to Fig. 2. 
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4 TOOL DESIGN 

The types of dies most frequently used in tiie average plant 
are piercing dies, blanking dies, cutoff dies, and parting dies. The 
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Fig. 2. Open-Back Inclinable Punch Press 


size of the part and thickness of material are the determining 
factors in the size of the punch press to be used. The pressure re¬ 
quired to blanks or pierce certain thicknesses of material is deter¬ 
mined by formulae that have been developed through many years 
of experience, and the tool designer uses these formulae in determin- 
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To Calculate the Size of Pre$9 (Tonnage) Required to 
Handle a Certain Job 

Formula. Length or perimeter of cut x thickness of material x shearing 
stress equals tonnage required. 

(Reduce this tonnage by Vi if shearing dies are used, and such is gen¬ 
erally the case.) 

Rule. First find number of cutting inches. Multiply this by the thick¬ 
ness of the material; then multiply by the number of tons shearing stress. 

Shearing Stress 

Brass and copper. 

Soft machinery steel. 

Low-carbon sheets . 

2-pass blue annealed cold-rolled plate... 

60-point carbon steel. 

Common tool steel. 

Examples 

To punch 3" diameter piece out of ^/ie" soft machinery steel: To find 
cutting length, multiply diameter (3") by 3.1416, equals 9.4246 cutting inches. 
Multiply this by thickness of material (Me") or .0625, which equals .589 of a 
square inch. Multiply this by 50,000# or 25 tons, which gives 14.7 tons 
pressure required. If shearing dies are to be used, reduce this bv one-half. 

Required: A press to punch hole in ordinary sheet iron or boiler 
plate. % X 3.1416 x % (.375) x 25 tons, equals 11 tons pressure required 
or 5M tons if shearing dies are used. 

To find tonnage of a press: (standard stroke)—^square the diameter of 
the shaft at bearings and multiply by 3.5. 

Example, Diameter of shaft is 4". Squaring this gives 16, which multi¬ 
plied by 3.5 gives 56 tons capacity. 

Geared presses can be worked at jibout 10% greater capacity than plain 
flywheel type presses. 

fig. 3 


35,000# per sq. in. 
50,000# per sq. in. 

90,000# per sq. in. 


ing the size of press required for the particular die he is to design. 

Fig. 3 is a data sheet showing the necessary formulae. By 
following the rules contained in this data sheet, the tool designer 
is able to determine the press capacities needed. 

To design dies for parts that have to be notched, pierced and 
formed, it is sometimes necessary for the tool designer to make a 
drawing showing the blank development of the piece part. This 
is of considerable assistance in designing the die and also helps the 
die maker in the plant tool room. Fig. 4 is a part drawing showing 
the developed size of the blank for a tractor drawbar plate brace. 

In designing dies, they should be laid out showing the front 
view of the upper and lower portions of the die in the closed posi* 
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TOOL DESIGN 


tion. This tells the tool designer that the dimensions shown are 
not too small to take the piece part. The other view that should 
be drawn will show upper and lower parts of the die laid back with 
the working faces visible. This means that the die section and the 



punch section will be shown and the tool maker will have a clearly 
defined picture of the construction of the die. The tool designer 
should always specify, and show with a red outline, the work to 
be performed by the die and the kind of material to be used in the 
construction of the die. The designer should always be sure that 
the press for which the die is designed has enough power to do. the 
job. The assembly tool drawing of the die should, wherever it is 
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possible to do so, show the detailed dimensions of the various sec¬ 
tions that compose the die; however, in the event that this would 
make it impossible to provide a good working drawing, additional 
sheets should be drawn showing these details. 

In some of the larger plants, standards are used for the punch 
and die sections of dies, particularly on certain types of presses. 



Fig. 5. Standard Punch and Die Block 


Fig. 5 is a standard punch and die block used for rail dies. These 
standard sheets save considerable time for the tool designer, as all 
necessary dimensions are given and the only thing he has to calcu¬ 
late in laying out a die of this type is the length and, of course, 
the location of the punches and the die buttons. 

In the majority of metalworking plants, standard punch and 
die sets are purchased. These are commercially available in a lai^ 
variety of standard lengths and widths. In addition, special die set6 
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can be purchased very cheaply from the manufacturers. These large 
special sets are usually made from steel plate and are burned out, 
by means of a torch, to the required shape and size. If leader pins 
and guide bushings are required, these can also be purchased com¬ 
mercially and the die set manufacturer will attach these to the die 
set. Therefore, the former practice of making various designs of 
die sets in the individual metalworking plant has been largely dis¬ 
continued. 

There are many types and designs of dies, and it would be im¬ 
possible to cover all of these in a book of this kind, therefore 
only the most generally used types will be described and discussed. 
There has been considerable improvement in the quality and types 
of materials available for stampings. This is also true in regard 
to materials that the dies themselves are made from. The various 
technological developments of metal-cutting materials has m^de it 
possible to produce stampings that were considered impossible only 
a few years ago. The selection and specification of the right ma¬ 
terials by the tool designer are very important, and the tool draw¬ 
ing of the die should contain these specifications as well as the 
proper heat treatment. 

The tool designer should always keep in mind that the stock 
from which the stamping is to be made must be stripped from the 
punch or the die, therefore proper stripping facilities must be pro¬ 
vided in the die. The stripping can be done by various means: 
it can be a solid stripper, a stripper plate mounted to the punch 
holder of the die by means of stripper bolts and having springs to 
push the blank off the punch; or a knockout bar can be provided 
in the punch holder so as to strip the piece from the punch section 
of the die. Rubber is also used for strippers. 

Piercing Dies. The simplest type of die is the perforating or 
piercing die, Fig. 6. In this illustration a round hole is perforated 
or pierced in a piece of strip steel. The punch is provided with a 
clearance angle so that the stock material will not bind on the punch. 
The die section is also provided with clearance so that the slug that 
is obtained from the piece of strip steel will not stick in the die. 
Clearance for perforating dies must be provided between the punch 
and the die section; this clearance usually equals 10 per cent of the 
thickness of the stock. Therefore if it is desired to punch a 
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round hole in a piece of sheet steel Whose thickness is .100", the 
diameter of the hole in the die would be 1.010", the diameter of 
the punch would be 1.000". This clearance rule is general and 
will vary with the thickness of the stock the die is designed to 
perforate. On very thin materials this 10 per cent of the thickness 
of the material to be punched can be varied in accordance with the 
needs of the job to be done. In Fig. 6, at A, is an illustration of 



Fig. 6 Plain Perforating Die for Punching Strip Steel, and Work Produced 


this clearance between the punch and die. These clearances are 
exaggerated to illustrate the point discussed. At JS is a sectional 
view showing the punch and die with the stock ready to be per¬ 
forated. C shows the action of the punch and die in piercing a 
round hole in a piece of strip steel. 

Progressive Piercing and Blanking Dies. Progressive pierc¬ 
ing and blanking dies are extensively used in producing stampings. 
They are termed ^‘progressive” because of the sequence of opera¬ 
tions performed in a single die. Usually the perforating station in 
a die is the first operation. Then notching, blanking, or cutting off 
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ie perfonned. In Fig. 7 a rectangular piece with an elongated slot 
ptmched in it is made from a piece of flat brass. The piercing 
punch and blanking punch are shown in section. The stripper is 
a solid type and is mounted directly to the top of the die section 
in the die. A guide is provided at the rear of the die so that when 
the strip is traversed through the die it will be guided in the cor¬ 
rect position for performing the various operations. The blanking 
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Fig. 7. Simple Progressive Piercing and Blanking Die, and Work Produced 


punch is provided with a pilot so that it will locate in the elongated 
slot produced by the piercing punch. 

On progressive dies, automatic finger stops are usually pro¬ 
vided so that the stock will be pushed into the die to a stop; then 
the press is started. As the ram rises, the stock is released from the 
stop and is fed in to the required distance. 

On some types of progressive dies it is necessary to provide 
pilot holes on the sides of the stock. These holes engage pilots that 
are designed and built into the die. They are progressive dies, but 
are often termed (or more) station dies. Frequently as many 
as 7 or 8 operations are performed in one die. 
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In designing a progressive pierce and blank 4ie for a segment 
roller shaft bearing bracket that must be produced in large quan¬ 
tities, Fig. 8, it was necessary to design a die that would produce 
these parts in the most economical way. The piece part requires 
material that is .0937" or % 2 '' thick. This material is available 
in all standard widths, but it was found that the most economical 
way to handle this material through the die was to shear this stock 
to 1%" wide by 3 feet long. Therefore the blank layout shown in 
Fig. 9 was made. This allowed the least possible amount of waste. 
As its layout shows, the first operation was piercing one .136" di- 



SeGMENT ROLLER SHAFT 
BEARiMG BRACKET 
iOM S.A£.ST 4REQ. 


Ilg. 8. Piece Part Produced in 
Punch Preas 



STOCK LAYOUT FOR SEGMENT ROLLER SHAFT 
BEARt^ BRACKET 
.09S7Xf§‘Xy-‘0"L0NG STOCK 


Fig. 9. Stock Layout for Segment Boiler Shaft 
Bearing Bracket 


ameter hole, the next station in this die was piercing an additional 
.136" hole and the .429" hole. The next station of the die blanks 
the outside contour of the piece part. By referring again to the 
piece part drawing, Fig. 8, it will be noted that the distances be¬ 
tween these various pierced holes are given in decimal dimensions. 
The .429" pierced hole is finally finished by reaming in a drill press. 
This means that this piece part must be guided through the die by 
means of a pilot. The .136" hole is used for a pilot hole in the die. 

Fig. 10 presents a plan view and a front sectional view of a 
progressive piercing* and blanking die for producing the part shown 
in Fig. 8. The upper view of this illustration shows the stock guide 
and the line A-A which is drawn through the center. The lower 
portion of this drawing shows a sectional view of the die taken 
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through the cutting plane line A-A. The stock is illustrated by 
the heavy black line. The die set used is a commercial one and 



Fig. 10. Plan and Front Sectional Views of a Progressive Piercing and Blanking Die 

was purchased. Fig. 10 shows the location of the various details 
on the plan view of the die. Fig. 11 is the bottom view of the 
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punch section, and the right end section, of a die, with the location 
of the various details of the punch section of the die. The lower 



MQHT ENO SeCTiON PUNCH mNO OK 

Fig. 11. Bottom View of Punch and Right-End Section of 
Die Shown in Fig. 10 


portion of this illustration, which is sectioned, is a view taken 
through an interrupted cutting plane line B-B. By referring to 
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Fig. 10 the tool designer can note just where this section is taken. 
The dotted lines in the lower portion of the drawing shown in Fig. 
11 show the action of the automatic stop. In this case the stop is 
released when the punch section of the die has perforated the stock. 
As soon as the ram is raised, the automatic stop is again in position 
and stops the stock at the correct point in the die. It will be noted 
that a leader-pin die set was selected in designing this die because 



these leader pins af't as guides to assure proper alignment between 
the punch and die sections of the die. The use of • leader-pin die 
sets eliminates considerable time and trouble in setting the dies 
in the punch press, as they prevent misalignment which possibly 
would damage the die. 

Fig. 12 is a drawing illustrating the various details of construc¬ 
tion of the die. Detail is the blanking punch. This is designed 
to be made of nonshrinkable tool steel. It will be noted that one 
degree of angle is provided for clearance on the contour blanking 
punch. 

Detail 16 shows a piercing puncn, two of which are required. 
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These are made out of tool steel, P of clearance is provided, and 
they are hardened and groimd to a decimal dimension .ISG'' with 
a plus tolerance of .001'' and a minus tolerance of .000". It will 
be noted that these punches are provided with a shoulder deep 
for mounting in a punch plate. 

Detail 25 shows a die insert or button die, as it is frequently 
called. It is made from a nonshrinkable tool steel and is hardened 
and ground. The inside diameter of this button die is ground to 
.137" diameter to provide a clearance of .001" between the punch 
and the die. Note that this clearance is only .001" because this 
piece part must be produced without the appreciable burr which 
would be caused by a larger amount of clearance between the 
punch and die sections. In designing dies, a small amount of clear¬ 
ance between punch and die often results in excessive breakage of 
punches and is not considered good practice; however, in the design 
of this die wherein the punches are readily removable, the small 
clearance can be tolerated. The other details shown on this illus¬ 
tration include the pilot; they are self-explanatory and their loca¬ 
tion can be determined by studying the drawing showing the assem¬ 
bly view of the die. 

Fig. 13 shows the stock guide which is made of details 9, 11, 
12, and 13. This stock guide is mounted on the die section so that 
when the 3-foot length of material is put into the die it will be 
supported properly. In many types of dies, stock guides are con¬ 
sidered necessary. 

Detail S is a stripper plate that is designed to be made out 
of cold-rolled steel; suflftcient clearance for the punches must be 
provided. The stripper plate serves two purposes: first, to strip 
the stock from the punch; second, to guide the punches. This is 
very important when heavy material is being punched or blanked 
in a die. 

Detail 15 is a punch plate in which the various perforating 
and blanking punches are mounted. This is designed to be made 
of a 10^0 S.A.E. steel, as a cold-rolled steel would be entirely too 
soft and the side pressure might cause softer material to distort; 
therefore an alloy steel is specified. 

Detail 10 is the die block. This is designed to be made out 
of a nonshrinkable oil-hardening tool steel. Due to the number 
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BILL OF MATERIALS 


'23 

DESCRIPTION 

MATERIAL 

1 FIN. STOCK SIZE 


/ 

FL4T FtLUSreR HEAD MACH.SCREW 

STANDARD 


n 

i 

FLAT FtLLfSTeR HEAD MACH. SCREW 

STANDARD 

^-IGAtaxifLG. 


3 

DOWEL FtN 

STANDARD 

jfDIAXlfLG. 

D 

4 

DOWEL PIN 

standard 

’^hlA.xfLG 

a 

S 

FINGER STOP 

STANDARD 

ffjffjfgfLA 

d: 

S 

AUTOMATIC STOP 

STANDARD 

fxjfLG. 


7 

DIE SET-DAUMBACH A575 

STANDARD 

dysic 

n 

3 

STRIPPER PLATE 

C.R.ST 

fxA^ydfLG. 

in 

9 

GUIDE 

C.R.ST. 

fxi^XlSLG. 

a 

O 

DIE BLOCK 


fx4^X4jfL6. 

/ 

D 

HEXAGON NUT 

STANDARD 


E 

Q 

HEXAGON BOLTS 

STANDARD 


2 

O 

REST 

C.R.ST 

^XI^XJLG. 

/ 

D 

^3B DM. PIERCING PUNCH 


ifhlAXlfLG. 

/ 

O 

PUNCH PLATE 

mjuuM 

ii^XE’fxsfLG. 

/ 

a 

.m DM. PIERCING PUNCH 

mmmm 

^'OM.XljfLG. 

2 

D 

PILOT 

TOOL ST. 

AsfDMJCZf 

/ 

o 

HEXAGON NUT 

STANDARD 

’f-iON.C. 

/ 

a 

PIN 

CJf.ST. 

-fDIAXlfLG. 

/ 

o 

LOCK NUT 

STANDARD 

jf-Z0N.C. 

/ 

Q 

HEXAGON NUT 

STANDARD 

-jf-ZONC. 

/ 

O 

PIN HOLDER 

C.R.ST. 


/ 

EM 

DOWEL PIN 

STANDARD 

’fDlA.XILG. 

m 

Q 

FLAT FILLISTER HEAD MACH. SCREW 

STANDARD 

jf-ieNjc.xific. 



BUTTON DIE 

mmm 

i^DM.X’fLG. 


m 

BLANKING PUNCH 

wBafsiMaKM 

HUxlfxiifLG. 
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Fig. 14. Bill of Materials for the Die Shown in Figs. 10 and 11 


of boles and openings in- this die block, it is important that a non- 
shrinkable tool steel be specified to prevent distortion and warping 
during the heat treatment. 

Fig. 14 is a bill of materials for the completed die. By refer¬ 
ring to the assembly drawing and identifying the various detail 
drawings, it will be seen that the finished stock size is given in 
each instance. All materials are plainly specified so that the tool 
room will have no difficulty in selecting the correct materials or 
items for the making of a die of this kind. 
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Simple Forming Dies* To put a right-angle bend in piece 
parts, a vee die is generally used. Fig. 15 illustrates a vee die for 
putting a 90® bend in the piece part which is shown as a developed 
blank by Fig. 16 where the formed piece part is shown at B. By 
referring again to Fig. 15 it will be seen that this design of die 
consists of a vee punch mounted in the punch holder and that 
there is a vee shaped in. the die block on the die holder. A spring 
plunger is mounted in the die shoe to push the work up off the vee 
in the die section. It will be noted that the punch is designed to be 
made an 85® angle instead of the 90° angle which is shown by 
the piece part. This is due to the fact that there will be a certain 
amount of spring-back and if the forming punch were made to a 
90® angle, the finished piece part would not be correct. This same 
design of die is often made for vee bends of considerable length. 
Usually the dies for doing a job of this kind would be designed 
to be used in a power brake. Vee dies of this type are also used 
for putting the multiple bends in sheet steel. 

Cutoff and Forming Dies. When it is necessary to design a die 
to produce a large number of piece parts that have to be cut off 
and formed from strip stock, a die is usually designed similar to 
Fig. 17. It will be noted that this die is designed with a stock 
guide and the material is fed in from right to left of the die. The 
cutoff and forming is done at the same time. This is somewhat 
similar in principle to the vee die, except that the forming section 
of the die is mounted on springs and, after the cutting-off opera¬ 
tion takes place, the piece is allowed to pass on through on the 
forming block until it bottoms. This forms the correct bend. A 
knockout pin, detail 10, is provided with a spring, detail 9, for‘push¬ 
ing the piece part off the forming punch, detail 16 oi Fig. 18. The 
piece part, which is a tray arm-latch, is shown by A. This die 
operates very fast, and designs similar to this can be used for a 
number of piece parts that are cut off and formed in the one 
operation. 

Progressive Piercing and Blanking Dies. Fig. 19 is the design 
of a die to produce the piece part shown at A1 in Fig. 20. It is 
a bracket head made out of hard cold-rolled steel. In this part it 
is necessary to punch 4 holes .201" plus or minus .001" diameter, 
and one hole .312" plus or minus .001", This hole is afterwards 
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Fig. 16. Bottom View of Punch, etc., Fig. 15 
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FIHiHr ELCWTION OF PUNCHAND BOLSrEP 
Fig. 17. Cut-off and Foiming Die for Making a Timy Ann*Latch 

an additional forming die. The upper part of Fig. 19 shows the 
plan view of the die. Various sections have been taken through 
this to diow the construction. The bottom drawing is a sectional 
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view A-A. This is taken directly through the center of the die 
and shows the important positions of the various perforating 
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Fig. 19. Die to Blank and Pierce Holoe in Bracket At, Shown in Fig. 20 
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pushed on through the die, the contour of the piece is blanked, and 
the cutoff operation takes place. Pilots are provided at this sta¬ 
tion so that the piece will be held in the proper position for the 



Fig. 21. Die for Forming 20® Bend on Bracket AI of Fig. 20 


blanking operation. In Fig. 20 is a bottom view of the punch sec* 
tion of the die, together with the details of the perforating punches 
and the pilots. 

For forming the 20° bend on this piece part, a forming die, 
Fig. 21, is designed. The top view of the die is shown in the upper 
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and a cross section of the die. By studying these drawings the 
tool designer will obtain a very gpod idea of this type of design. 

Compound Blanking and Piercing Dies. This type of die is gen¬ 
erally designed to produce piece parts that must be perfectly flat 
and made to very accurate dimensions. In the lower part of Fig. 
23 is shown a piece part that has two holes perforated in it in 
addition to a radius on one end and an angular tongue on the other. 
In this same drawing is a bottom view of the blanking die. 

Ir Fig. 24 is shown the top view of the blanking punch, to¬ 
gether with the automatic stop. This stop is designed to stop the 
material at the right position so that there will be no excessive 
waste of material. The front view of the punch and die shown in 
this drawing also contains the shut height of the die, which is 
and illustrates the stock passing through the die from right to left. 

In the upper part of Fig, 25 is shown the top view of the 
blanking punch. This takes care of the contour of the piece part. 
The lower part of this drawing, section A-A, shows the punch 
and die and the action of the perforating punches in piercing the 
two holes required in this piece part. 

Compound dies differ from other types of dies, as the blank 
ing punch is located in the die section or lower part of the die. 
Through the blanking punch, clearance holes are machined so 
that the slugs from the perforators will pass out through the bot¬ 
tom portion of the die shoe. Fig. 26 is a drawing showing the 
details of construction of this die, with sectional views illustrating 
the action of the perforating punches and the blanking punch. 

Designing compound dies is somewhat complicated and the 
tool designer must make sure that the design of the die is such that 
there will not be any excessively thin cross sections that would 
cause breakage. At the present time there is a wide variety of 
materials from which stampings are made and it is essential that 
the tool designer select the right steels for making the dies. The 
use of high-speed steel in designing tools has been increasing of 
late years, also other tool steels have been developed that permit 
the designing of dies to produce parts that only a few years ago 
were considered impossible. The various designs of dies that have 
been discussed in the preceding pages are only a limited outline 
of the possibilities of this type of die design; but with this knowb 
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Fig. 23. Bottom View of Punch, Fig. 24 
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edge as a background, the designers will be able to assimilate the 
many new ideas that develop in the daily work of the designer. 

Drop-Forging Dies. The designing of drop-forging dies to 
produce piece parts that are made of steel forgings requires con¬ 
siderable experience. These dies are made by a combination of 
punch-press dies and the process of molding. Drop-forging dies 
consist of two parts, the upper and the lower die. In designing these 
dies certain definite principles must be followed in order to produce 
good forgings. Steels used in making dies for forgings generally 
contain .60% to .85% carbon. Other alloy steels, such as hot-work 
steels, arc also used for such dies. The designer must allow suf¬ 
ficient metal in the die sections so that when the impression is put 
into the die the correct amount of material will be left in the die 
sections and the pressure exerted in forging the piece parts will 
not cause distortion of the dies themselves. 

Proper draft must be provided in the die so that there will 
be no sticking of the piece parts in the drop-forging dies. To prop¬ 
erly design drop-forging dies, the tool designer should obtain a 
working knowledge of drop-forging practice; that is, the actual 
forging of metal in the shop. This is essential, as it is practically 
impossible for a tool designer without this experience to design 
drop-forging dies properly. The factors in designing drop-forging 
dies are somewhat similar to those for other types of dies. The 
hammer in which the dies are going to be used must be taken into 
consideration, as well as the power available and the number of 
parts to be produced. 

Fig. 27 is a drawing showing the front view of a lower forg¬ 
ing die and sections. This die is.for a differential spider, and the 
piece part is shown at the lower left-hand corner of the drawing. 
As will be seen from the figure, one half of the piece part is laid 
out in the lower die section and the other half of the impression 
is contained in the upper die. Therefore, when the hot metal that 
is to be forged is placed between these dies, and the drop-forge 
hammer is operated, the constant blows form this metal into the 
shape desired. The plan view of the lower die is shown by Fig. 
28. It will be noted in this drawing that the clearance is milled 
around the contour of the piece part to provide space for the flash 
that will be caused by the action of the upper and lower die sec- 
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tions 00 the forging metal. This is a coOiparatively simple drop¬ 
forging die, but the principles used in its design are applicable to 
most other types of drop-forging dies, whether the piece parte are 
to be steel forgings, brass, bronse or copper forgings. 

On forging dies for certain types of brass and copper forgings 
the finish in the die itself is smoother, due to the fact that appear¬ 
ance in some instances is of great importance. Naturally, the finish 
that is put into the die will produce the finish of the piece part. 

Bulldozer Dies. This type of die is designed to be used in 
presses that are of the horizontal type and have a crank mmilar 
to a power punch press. They are frequently used for forming 
structural shapes and also various types of fiat work. The design 
of dies for this type of machine is comparatively simple in com¬ 
parison with other types of dies that are generally used in power 
punch presses. 

In the lower part of Fig. 29 is a piece part that is formed of 
steel thick. The part has two bends in it, and to produce a 
part of this kind a bulldozer die (shown in the upper portion of 
this drawing) is designed. This type of die consists of two parts: 
the moving die, detail 1 ; the stationary die, detail 2 . Most of the 
parts that are formed in bulldozer dies are heated in a furnace, 
the amount of heat depending on the work to be done; ordinarily, 
the stock is heated to approximately a cherry red. The stop pins 
and gages are provided in the machine so that the dies will form 
or bend the piece in the required manner. In some instances this 
tjqie of die has cams that operate movable sections on the outer 
end of the bed of the bulldozer press so that, after certain forms 
have been accomplished in the central portion of a piece part, the 
ends can be bent by means of cams operating the forming sections 
at the outer edges of the bulldozer die. 

Die-Casting Dies. The use of die castings for piece parts has 
been constantly increasing in the metalworking industry during the 
past few years. Due to the improvements in methods of alloying 
metals such as lead, zinc, copper, etc., numerous parts that were 
considered too fragile for die-casting dies are now being made suc¬ 
cessfully. Some of these piece parts are comparable in tensile 
strength to that of steel. The outstanding advantage of die casting 
for piece parts is that very little mpchining is required alter these 
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Fig. 29. Bullduser Dies for Making Double Bend in Piece Part No. 5526 
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parts have been produced in the die-casting die. In numerous in¬ 
stances inserts consisting of bushings and studs can be produced 
in screw machines very inexpensively and then placed in these dies 
and when the die-casting metal is poured into the die these parts 
become almost integral with the part itself. The automotive industry 
has been largely responsible for the use of die-casting dies. 

The designing of die-casting dies has become a specialty, and 
the average to^l designer is not usually called upon to design them. 
However, it is well for him to have a fundamental knowledge of 
this practice. The die-casting die is somewhat similar in principle 
to permanent molds. These of course are metal molds that are used 
in foundry practice to produce cast-iron parts that require a hard 
outer surface. Die-casting machines (that is, the machines in which 
the die-casting dies are used) put out by different manufacturers 
have different characteristics; therefore, it is necessary for the tool 
designer to know what type of machine is going to be used in con¬ 
junction with the dies he is called upon to design. 

The principle of design for die-casting dies is that there are 
two parts to these dies also, the upper and the lower. The dies are 
designed so that the upper part is one half of the impression of 
the piece part and the lower die is the other half; this is similar 
to drop forging dies. In addition, channels must be provided so 
that the metal will flow to the parts required. Risers must be put 
into the die so that the metal will flow to the required height to 
completely fill the impression. 

Fig. 30 is a working drawing of the upper half of a waffle iron 
griddle. Waffle irons are in common use in the majorioy of homes, 
and many of us have used them without giving much thought as 
to how they are made. This upper half of the griddle iron is made 
of aluminum die-casting alloy. Fig. 31 shows the plan view of 
the die-casting die for the upper half of a waffle iron griddle. These 
dies are designed to be made out of an alloy steel and it will be 
noted that the form of the upper part of the griddle has been re¬ 
produced in steel in the center of this die. Due to the fact that 
the die-cast metal is poured at a high melting point, these dies 
get very hot and would soon distort unless there were some way 
of cooling them; therefore, water is allowed to flow through the 
dies to keep the temperature down. Holes are drilled and the ends 
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of the die block itself are tapped for pipe fittings so that water 
can be constantly circulated through the lower portion of the Re¬ 
casting die. Knockout pins must be provided so that the piece 
part, when allowed to cool, will not stick in the die. 



Fig. 32 is a front view showing the right side of the die¬ 
casting die for the upper half of a waffle iron griddle. You will 
note it is necessary to section this drawing in order to convey the 
correct impression to the tool maker who will make this die. 

Die-casting dies are frequently designed for several impres¬ 
sions at one time. The die-casting die that has been described here 
is used for producing two parts simultaneously, or, as it is termed. 
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Fig. 33. Plan View of Die-Casting Trinuning Die for Tiimming Hand Ml 
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two impressions. The molten metal is fed into the die by means 
of pressure and through the central section. The making of die¬ 
casting parts is in reality a division of foundry practice, but these 
die-casting dies or metal molds are used instead of sand. 

DIe-Casting Trimming Dies. On certain types of parts that 
are produced by means of die-casting dies, it is necessary to pro¬ 
vide trimming dies to remove the flash that is caused in the mold¬ 
ing process. This flash, or excess metal, is caused by the fact that 
it is impossible to have the upper and lower halves of a die-casting 
die meet closely, due to the difficulties inherent in the piece part 
design. The flash must be removed from these piece parts; there¬ 
fore, trimming dies are designed. 

Pig. 33 is a plan view of a die-casting trimming die used for 
trimming a hand mirror. This mirror is made out of a die casting 
and then plated. The die sections of this die are made to suit the 
contours of the piece part. It is mounted in a standard two-leader- 
pin die set by means of dowel pins and socket head screws. There 
is a shutter mounted in the die opening so that the piece part will 
rest on it. This shutter is supported by means of bolts with springs 
on them. The punch section of the die is merely a general outline 
of the piece part to support it properly. In action, the piece part 
is loaded into the die and the press is operated, pushing the piece 
part down into the die sections that trim off the flash wherever it 
may occur. This saves considerable hand labor that would be neces¬ 
sary if the die were not designed, as it would be necessary to 
remove this flash by means of filing or grinding. 

The sectional view of this die is shown by Fig. 34. In this 
drawing, a section through the center of the trimming die is shown. 
Fig. 35 is a bottom view of the punch section of this die-casting 
trimming die. 

Some types of trimming dies are very simple. A piece of tool 
steel is designed to be made to follow the contour of the piece part 
and mounted in the ram of the press or in a punch holder to push 
the piece part through the die opening. This is sufficient to trim 
off the flash in the die-casting piece part. 
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QUIZ QUESTIONS 

1. Name some of the advantages stampings have over castings. 

2. What constitutes the overall height of a die? How does this affect 
the height of the punch press? 

3. In designing dies, why is it advisable to work from the center of the 
piece part outward? 

4. How great a radius should be allowed for a right-angle bend in a 
forming die? 

5. What is the formula for calculating the size of the press required to 
handle a certain job? 

6. In designing a die, what views should be laid out so that the tool 
maker will have a clear picture of the construction of the die? 

7. Explain some of the methods used in providing proper stripping 
facilities for a die. 

8. In piercing dies, what is the rule for determining the clearance 
between the punch and the die section? 

9. Why is only a small clearance allowed in the button die shown in 
Detail 25, Fig. 12? What difficulty sometimes arises from allowing a very small 
amount of clearance between the punch and the die? 

10. In the forming die shown in Fig. 15, why is the punch designed to be 
made at an 85“ angle instead of the 90“ angle shown by the piece part? 

11. What is the special function of compound blanking and piercing dies? 

12. What is the usual percentage of carbon in the steels used for making 
drop-forging dies? 

13. Why is it essential that proper draft be provided when making piece 
parts in drop-forging dies? 

14. On what type of work are bulldozer dies generally used? 

15. What are some of the advantages in using die castings for piece parts? 

16. What is the usual method of removing the flash caused in the process 
of molding certain types of parts by means of die-casting dies? 
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In modern metal manufacturing, gages are very important due 
to the fact that it would be almost impossible to produce parts that 
are interchangeable unless some method of gaging were provided. In 
this section the attention of the reader should be focused on the draw¬ 
ings, as they give many fundamental hints regarding the designed 
gages. Gages are used extensively in all the high-production indus¬ 
tries because they determine the accuracy of piece parts from opera¬ 
tion to operation. Without the use of gages, the cost of manufactur¬ 
ing parts on an interchangeable basis would be exorbitant. There 
are three classes of gages in most of the high-production plants, as 
follows: the working gage which is used by the operator on the 
machine for the particular operation he is doing; the inspection 
gage which is used by the inspectors to check the work produced 
at the machine; and the master or reference gages which are used 
to check the inspe^’tion gages. 

The materials from which gages are made have been improved 
during the past few years. Formerly most of the gages were made 
out of cold-rolled or machine steel, carburized, hardened, and then 
ground. Today gages are made from a wide variety of materials. 
Certain types of gages have Stellite welded on them at the gaging 
points to prevent excessive wear, particularly when they are to be 
used ih conjunction with grinding operations. The use of chrome- 
plated gages has been increasing due to the fact that chrome is 
very hard and resists abrasion better than most types of steel. On 
certain types of indicating gages, Tungsten Carbide tips are used, 
and in some instances these types are equipped with, diamond points 
to eliminate wear. 

The tool designer in designing gages should always specify the 
limits to which the gage must be made; in other words, flat di¬ 
mensions should not be used. In the event that a plug gage is 
to be designed to fit a hole that would be 2.5625", there should be 
a tolerance following this figure; that is, it should read plus or 
minus .0002". This is an indication to the shop that tiie dimension 
given on the gage must be kept within those limits. 
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Range: Above 2.510 to and Including 8.010 incho<; 


Details vf Construction 


1. “Go” gaging member 

2. “No go” gaging member 

3. Progressive gaging member 

4. Shank 

6. Taper lock handle 

6. Drift hole (or slot) 

7. Socket head screw 

Fig 1 


S. Hc\ug(>u head vciew 
9. Web 

10. Handle for reversible gage 

11. Cross-pin hole 

12. Locking prong 

13. Locking groove 


American Gage Design Standard Plain Cylindrical Plug Gages 
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Plain Cylindrical Plus Qaginf Members, Taper Lock Design 
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The range in diameicrsis the same as given 
above for Go gages. 



Fig. 2V 


Plug Qages. Tliese are the gages most frequently used. Frg. 
1 shows designs of single-end and double-end plug gages that have 
been adopted as standard by the American Gage Manufacturers 
Association. Figs. 2A and 2B are a chart of general dimensions of 
the various components that go to make up the single- and double¬ 
end plug gages. By referring to these charts the tool designer can 
select the right design for any special plug gage that he may be 
required to produce. These gages are furnished by commercial 
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Handles for Plain Cylindrical Plus Qages, Taper Lock Design 
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Fig. 2B 


manufacturers in various standard dimensions, but usually the 
specials are designed to suit the needs of the particular job for 
which they are to be used. 

Plug gages are used for determining the sizes of holes in the 
piece parts. They consist of a Go and No Go, The Go gage is 
supposed to enter the hole and the No Go gage should not enter 
the hole; if the No Go gage enters the hole, the hole in the piece 
part is oversize. 

Special Plug Qages. In designing special plug gages, particu¬ 
larly in sizes that are fairly large, weight is a considerable factor 
and heavy gages are sometimes ruined because the operator becomes 
tired in handling them and drops them, which causes damage to 
the gage. Fig. 3 is a design of a Go and No Go plug gage. This 
gage is made in two sections. The gage portion has been lightened 
by drilling a 1 ^/ 2 " hole in it, and a separate handle which is made 
of soft steel is fitted to the gage portion by means of a drive fit. 
This design is very inexpensive as it is necessary to harden and 
grind only the gage portion. 
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Fig. 4 is a design of a special plug gage made somewhat similar 
to that described for Fig. 3, but it is made to gage a piece that 
is considerably thinner; therefore the gage can be made shorter. 
In addition, this gage has a flat on one side in order to fit the 
inside of the piece part, which is a thrust washer produced in a 
die by means of a punch press. 

Flat Plug Qages. * These are inexpensive gages designed for use 
on holes of large diameter. See Fig. 5. Although not so accurate 
as round plug gages, they work out very well for use by operators 



- FLAT PLUG GAG£ 

^1020 SA£. ST FAX). tREQ. 

GRIND AS SHOWN 

Fig. 5. Flat Plug Gage for Differential Bevel Gear and Spur I’inion 


at the machine. This gage, as it will be noted, is made out of flat 
steel thick and is centered on each end, then turned in the lathe, 
then ground to the finished dimensions. 

Ring Gages. These are shown in Fig. 6 and are used for meas¬ 
uring the diameters of shafts and other round parts. The design 
of this type of gage has also been standardized by the American 
Gage Manufacturers Association. The Go ring gage is knurled on 
the outside diameter, and on certain sizes a hardened and ground 
tool-steel bushing is inserted. The JVo Go gage is practically iden¬ 
tical except that a groove is turned on the outside diameter to 
distinguish the No Go from the Go gage. On ring gages of large 
diameter considerable metal is removed from the outside diameter 
U) lighten the gage. A chart showing the dimensions of this type 
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of gage is shown by Figs. 7A and 7B. the designer can use this in 
designing special ring gages that may be required. 



Range* Above 0 059 to and including 0 510 Inch 



Range Above 0 510 to and including 1 510 Inches 



Range: Above 1.510 to and including 5 510 Inches 

Fig. 0. Amencan Ciagc Deaign Standard Plain Ring Gages, Details of Construction. 1 Body; 
S, Bushing; 5, Flange; Hub 




Thread Gages. The use of thread gages is also increasing due 
to the fact that ground thread taps are in common use in the 
average metalworking plant today; therefore closer fits on threads 
are easily obtainable. These thread gages are made standard by 
many commercial companies, and the tool designer can obtain in- 
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Plain Ring Qages, Range Above 1.510 to and Including 4.510 Inches 
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formation from the manufacturer's catalog. Fig. 8 shows ring and 
plug thread gages. I'he ring gage is split so that it can be adjusted 
to fit the plug. The plug is used for checking the tapped hole, and 
the ring thread gage is used for checking tlie threaded part that 
fits into the tapped hole. These gages are aKo de^-igned with Go 
and No Go limits. 

Snap Gages. For checking the dimensions Iroin one shoulder 
to another on a shaft, snap gages similar to Fig. 9 are designed. This 
type of gage is made out of flat stock, and grinding clearance is 
drilled in the bottom of the four gaging points so that the grind¬ 
ing wheel will not hit the center portion of the gage They are 
stamped Go and No Go to the required dimensions, and note that 
instructions to lap the grinding surfaces have been put on this 
drawing. Gages to close tolerance should always have a notation 
that the gaging points should be lapped after grinding, as lapping 
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Pfain Ring QageSt Range Above 0.0S9 to and Including 1.510 Inches 



*BuBhmga are Vii inch 'onger than ring thickness, but are ground flush after hole is flniahcd. 
tSUes 8,4 and 5 are solid. 


Fig. 7B 

removes the rough surface caused by the action of the grinding 
wheel and gives the gage considerably more life. 




Fig. 8. Left, Thread Ring Gage; Right, Thread Plug Gage 
CcuriMy of The TafUPoiroo Mannfa^uring Co., Woonoocket, R. I. 

Snap gages are also furnished as standard by numerous com¬ 
mercial gage companies. However, there are many instances where 
the commercial gage would not be suitable for a job; therefore, 
dat snap gages similar to Fig. 9 are designed to suit the needs of 
the individual job. For example, for checking the thickness of a, 
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^ SNAP GAGE 

^/J/5 SAE ST EAXJL iP£0. 


HEAT TREAT iStSA CASE DEPTH 
jOSO'fiGO"ROCKWELL *C''S9M/N. 


STAMP TOOL NO.S SIZES 


^ig. 9. Snap Gage for Gaging Length between Shoulders on a DiffenMitial Shaft 



SNAP GAGE 


S A C C-t F.A.O. IRCQ. 

HEAT TREAT C-tA CASE DEPTH JDSO-JOGO" 
ROCKWELL CGHCS 


STAMP TOOL NO.g SIZES 


l’i«. 10, Spur and Bevel Gear Tooth Snap Gage 


CHORDAL TOOTH THICKNESS 



Fig. 11. Chorda] Tooth Thickness and Cor* 
rected Addendum for Spur and Bevel Gear 


GAGES 


11 


gear tooth at the pitch line, Fig. 10 shows a design of a soap gage 
for measuring the thickness of a spur gear tooth. This gage is similar 
to the one previously described and it is used for measuring the gear 
tooth shown by Fig. 11. 

For extra long work, particularly shafts, a snap gage similar 
to Fig. 12 is designed. Note that this gage is designed to be made 



_ SNAP GAGE 
nsis SAE ST FAO EREQ^ ^ 

HEAT TREAT ISIS A ROCKWELL *C SBMtN 
CASE DEPTH OSO-OWGRIND AS SHOWN 


I'lK. 12. Snap Gage for Gaging Length of a IXfferential Shaft 


of seamless steel tubing with inserted steel blocks that are welded 
in place. These blocks are made of an alloy steel, carburized, hard¬ 
ened, and ground to the dimensions required. This-makes a gage 
of inexpensive design which is very satisfactory for the purpose for 
which it is used. 

Depth Gages. Depth gages, Fig. 13, are used for measuring 
the position of a collar or gear on a shaft, or a turned shoulder 
on a shaft. This gage is made out of flat stock and is usually an 
alloy steel that is carburized, hardened, and ground; althou^, for 
thin stock, commercial carbon steel ground flat stock is generally 
used. This gage has two steps, one for Go and one for No Go. 
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Qa^e Arbors. Hardened and ground taper gage arbors, Fig. 
14, are designed to check the taper hole in a gage, also to put this 
arbor between centers and indicate the face of the gear to see that 



^fStSSAE ST FAO !REO 
HEAT TREAT /J/SA CASE DEPTH J050-,060 
ROCKWELL*GRIND SLAP 

Fij? 13 Depth Gage for Steering Worm Quill 



Fig 14 Arbor Ubccl with Indicator for Gaging Squareness of Valve Guide Bore with Face 

of Cylinder Head 

it is running true. This design is frequently employed by concerns 
that manufacture gears in quantities. 

Width Gages. Width gages are for measuring the widths of 
grooves and slots in piece parts. Fig. 15. This design consists of 
a cold-rolled steel handle that is knurled, and a piece of drill rod 
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that is haraenea and ground and inserted at right angles to Uie 
handle. The Go and No Go dimensions of tiie slots are ground on 
tills pin and it is a very efficient gage for the work for which it 
is designed. 

Relation Gage. To check the relation of one or more holes 
and timing marks on a camshaft gear for an internal combustion 
engine, a relation gage is usually designed, Fig. 16. This gage is 
designed so it can be inserted in the central bore of the gear and 
is located in the three tapped holes in the gear by means of locator 
pins (7). The gaging points (/) and (3) are hardened and ground 



Fig. 15. Width Gage for Gaging Groove on Innde Diameter of Sliding Gear 


to eliminate wear. Numerous adaptations of this type of gage can 
be employed for checking the relations of a center bore in a piece 
part to holes that are drilled and tapped at certain distances from 
the central bore, such as the bolt circle of a coupling flange or dowel 
holes that have to be located properly in relation to similar holes 
in a mating part. 

To check bevel gears, particularly for the face angle, also to 
check the concentricity of the outside diameter in relation to the 
center bore, a gage similar to Fig. 17 is designed. This is what is 
termed a built-up gage as it is made of several component parts. 
The details of this gage are shown by Fig. 18. This is a very 
efficient gage and the same design can be used for checking other 
piece parts having surfaces that must be indicated in relation to 
the center bore. 
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TOOL DESIGN 


Distance and Angle Gages. In order to gage the face angle 
and the distance from the outside diameter to the back of the hub 
of a differential bevel gear pinion, a gage similar to Fig. 19 is 
designed. This design is also termed a built-up gage, and its pur¬ 
pose is to check the gear blank after it has been turned and the 
teeth have been cut prior to heat treatment. 

This gage consists Of a base which is a machine-steel forging 
in order to save material. A central plug is designed to be made 
with a shoulder and pressed into the base of this gage fixture, and 
the bevel gear is mounted on it. Hardened and ground guide plates 



Fig. 20. Working Drawing of Gage Block for Gage Shown in Fig. 19 


are mounted on the base Jor guiding the gage block, and the gage 
block has a key that locates in the two guide plates. The correct 
angle is ground in this gage block, Fig. 20, and the gage block is 
pushed onto the face of the gear. Sighting shows whether these dis¬ 
tances are correct. If too much light shows through, it is apparent 
that an error has been made in the machining and the piece must 
be scrapped. 

Gaging Fixtures. There are numerous other types of gages 
which are designed and made for inspecting and for gaging various 
types of production. Such designs are numerous; some are very 
complicated; and it would be impossible to cover all of them in a 
work of this kind. 

In order to become a first-class gage designer and be able to 
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Fig 21 Gaging Fixture for Checking the Cyhnder Blocks of Intertial<Cnmbu8tion Engines 



Fig 22 Gaging Fixture Showing Cylinder Block Mounted for Testing 
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TOOL DESIGN 


design idl types of gages, a number of years of ^tperience and 
considerable training are required. For example, Fig. 21 is a photo¬ 
graph showing a gage for checking the cylinder block of an internal- 
combustion engine. This gaging fixture consists of an extremely 



Fig. 23. Comparator Being Used for Inspection of a 
GearOutting Hob 

Courtesy of Jones Lamson Machine Co., Springfield, Vermont 


heavy base with an angle plate on one end and numerous plugs 
and shafts by which the relation of the cylinder bores to the crank¬ 
shaft bore, the camshaft bore, etc., can be determined readily. 
This type of inspection gaging fixture prevents considerable loss 
of time by reason of the fact that any inaccuracies can be dis¬ 
covered before the entire motor is assembled. 
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Fig. 22 shows this gaging fixture with a cylinder block noounted 
on it, and the various plugs, arbors, etc., are shown in the immediate 
foreground. 

Comparators. In modern manufacturing plants it is necessary 
to have some means of comparison so that accurate tools that are 
going to be used for producing parts can be checked to see that they 
are within the limits required; therefore, a comparator is used. This 
consists of a machine that throws the shadow of the tool or part 
to be inspected upon a ground glass on which the outline or limits 
of accuracy have been drawn many times the actual size of the part 
to be inspected. In Fig. 23 is shown a comparator. A gear-cutting 
hob is being inspected to see if the correct angle of tooth has been 
ground into this hob. 

The tool designer is becoming more important in this very 
complex civilization of ours, as more and more articles of daily use 
are being made of metals and other materials that require the use 
of tools. The tool designer must constantly be alert to the im¬ 
provements in materials and methods. The technological develop¬ 
ments of machine tools and materials require that the tool designer 
be able to use these improvements and constantly strive to design 
better and cheaper tools, which in turn make possible cheaper and 
better manufactured articles so that the majority of the people can 
buy and use them. 


QUIZ QUESTIONS 

1. What contribution has the use of gages made to modem production 
methods? 

2. What are the three classes of gages used in most of the high-produc¬ 
tion plants? 

3. What types of materials are now used in the making of gages? 

4. What is the advantage of the chart shown m Figs. 2A and 2B in 
designing plug gages? 

5. In deigning large gages, why should special consideration be given 
to the matter of weight? 

6. What is the advantage of the flat plug gage and where is it gen¬ 
erally used? 

7. What factor has increased the use of thread gages in modem metal¬ 
working plants? 

8. When snap gages get up to lengths of 1 foot or more, what special 
construction features are introduced to keep down weight and the cost of 
the gage? 

9. What are the special purposes or functions of gage arbors? 

10. What is the special function of a relation gage? 

11. For what type of job are distance and angle (^es designed? 

12. Describe the comparator and discuss its functions. 
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Common Abbreviations for the Tool Designer 


American National 

.AM. NAT. 

American Society 

of Mechanical 

Engineers . 

.AS.M.E. 

American Society for Testing 

Materials. 

.A.S.T.M. 

American Society of Tool Engineers 


.A.S.T.E. 

American Standards Association.... 


.ASA. 

Babbitt . 

.BABB. 

Blueprint . 

.B/P 

Brass . 

.BR. 

Bronze . 

.BZ. 

Button Head . 

.BUT. HD. 

Carburize . 

.CARB. 

Cast iron . 

.C.I. 

Cast steel . 

.CS. 

Centerline . 

. 

Chamfer . 

.CHAMF. 

Cold-rolled steel .. 

. .C.R.ST., C.RS. 

Counterbore....CBORE, CT’BORE 

Countersink.C'SINK, CT^SINK 

Cyanide . 

.CYAN. 

Deep . 

. ...DP. 

Detail . 

.DET. 

Diameter .DIAM., DIA., D. (b 

Dowel pin . 

.D.P. 

Drawing . 

.DRWG. 

Drill rod. 

. .D.R., DR. ROD 

Drive fit. 

.D.F. 

Drop-forged steel . 

.D.F.S. 

Feet . 

.FT. 

Fillister head. 

.FIL. HD. 

Finish .. 

./ 

Finish all over .... 

.F.A.O. 

Flat head. 

.:...FL. HD. 

Flat head, bright . 

....FL. HD. BR. 

Grind. 

...G., GR., GRD. 

Harden .. 

.HDN. 

Head . 

.HD. 

Heat treat. 

.H. TR. 

Hexagon head — 

.HEX. HD. 


High-speed steel . 

...H.SB., H.S. ST. 

Inch . 

.^ IN. 

Inside diameter .. 

.I.D. 

Locate. 

.LOG. 

Machine steel .... 

.M.S., MACH. ST. 

Material . 

...MATT., MAT. 

National Coarse . 

.N.C. 

National Fine ... 

.N.F. 

Number . 

.NO. 

Open health .... 

.O.H. 

Opposite . 

.OPP. 

Outside diameter 

.O.D. 

Pattern . 

.PATT. 

Plate. 

.PL. 

Pound . 

.#, LB. 

Press fit . 

.P.F. 

Radius . 

.R. 

Required . 

....REQ’D., REQ. 

Rockwell . 

.ROCK. 

Round head. 

.RD. HD. 

Round head, blued.RD. HD. BL. 

Running fit. 

.R.F. 

Screw.. 

.SCR. 

Section. 

.SEC., SECT. 

Slip fit . 

.S.F. 

Snug fit. 

.SN.F. 

Society of Automotive Engineers.... 


.S.A.E. 

Socket . 

.SOCK., SOC. 

Socket-head screw 

..SOC.HD.SCR. 

Spherical radius .. 

.SPH.R., S.R. 

Spot face . 

.ST ACE 

Spot weld . 

.S/W 

Square head _ 

.SQ.HD. 

Standard . 

.STD., OT’D 

Steel . 

.ST., STL. 

Stock. 

.STK. 


Thread .THD., TH. 

Tool steel.T.S.,T.ST. 


Working fit .W.F. 

If a line on a drawing is not drawn to scale, it is dimensioned correctly 
and the dimension is underscored with a wavy line to cull attention to this fact. 





































































2 


APPENDIX 


SYMBOLS FOR WELDS 



1, Ck)rner Weld, Near Side; 2 , Corner Weld, Far Side; 5, V-Weld, Near Side; V-Weld, Far Side; 
All-around Weld on Near Side; 6 , All-around Welds on Near Side Are in ^lid Lines, those on 
Far Side Are in Broken Lines 





AMBUCAN STANDARD-NATIONAL STANDARD 

SCREW THREADS* 

For Bolts, Nuts, Machine Screws, and Threaded Perts 

^£bis standard covers the dimensional specifications for American 
Standard Screw Threads applicable to bolts, machine screws, nuts, 
tapped holes, and other thr^ed parts. It is a revision of the original 
American Standard approved in May, 1924, by the American Stand¬ 
ards Association. The changes and additions included are based on 
the requirements of industry as refiected by comments received dnce 
the release of the 1924 publication and also upon the information 
obtained through an extensive survey of American industrial screw 
thread practice conducted in 1931 by the Sectional Committee on 
Standardization and Unification of S^w Threads with the coopmr 
tion of the National Bureau of Standards. 

Form of Thread 

The form of thread profile as specified herein, and known previously as the 
^'United States Standard’’ or ^'Sellers’ Profile,” is adopted and shall hereafter 
be known as the American National Form of Thread. 

Speciflcatioiis. The haste angle of thread between the sides of the thread meas¬ 
ured in an axial plane shall be 60 degrees. The line bisecting this 60 degree angle 
shall be perpendicular to the axis of the screw thread. 

The basic width of flat at the root and crest of the thread form is found as 
follows: 

X p or 0.125 X p 

The basic depth of the thread form, Fig. A, is found as follows: 

0.649519 X p - 0.649519 
n 

where p » pitch in inches 

n» number of threads per inch. 

Screw-Thread Series 

Uve series of screw threads are covered by this standard, differing from one 
another in the diameter-pitch relations of the threads included but all employing 
the American National form of thread. These series are: the Coarse-Thread, 
the Fine-Thread, and three special series, the S-Pitch-,. 12-Pitch-, and 16-Pitch- 
Thread. The Coarse-Thread and Fine-Thread Series are presented in detail. 

*Thia article is printed through courtesy of the Society of Automotive Engineers and The 
American Society of Mechanical Engineers. 
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VEPTH OF TPUNCATtON 
^•DEPTH BASIC THREAD FORM 
DEPTH OF V THREAD 

Fig. A. American National Form of Thread 
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Table 100* ^'-oarse-Thread Series—Qei^^eral Dimensions 
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Chat 3 Fit This dm k defined and qiedfied as foll^ 

The mlnlmam nut is bade. 

The maadmum screw is basic. 

The tderanoe cm tibe nnt is plus. 

The tderance cm the screw is minus. 

The aliowance between the intch diameters of the maximum screw and the 
minimiim nut is sero for all pitches and all diameters. 

The piteh-diameter tolerances for a screw or nut of a given pitch in the Coarse- 
and Fine-Thread Series are as specified in Table 102. 


CIS88.3Fit This class is defined and specified as follovra: 

The minimum nut is basic. 

The maximum screw is basic. 

The tolerance on the nut is jdus. 

The tolerance on the screw is minus. 

The allowance between the pitch diameters of the maximum screw and the 
minimum nut is zero for all pitches and all diameters. 

The pitch diameter tolerances for a screw or nut of a given pitch in the Coarse- 
and Fine-Thread Series are as specified in Table 103. 


Table 102. Class 2 Fit 


AUowanoes and Tolerances for Screws and 
Nuts (Coarse-and Fine-Thread Series Only) 




Piteh- 

Viri- 

atioa 

Clnohes) 

Varia- 

Thrawb 

Allow- 

Diam. 

turn’IB 

n 

snoo 

(Inobes) 

Tolor- 

anatMi 

(Inehes) 


80 

0.0000 

0.0017 

0.0005 

2—36 

72 

0.0000 

0.0018 

0.0005 

2—28 

64 

0.0000 

0.0019 

0.0005 

2—19 

56 

0.0000 

0.0020 

0.0006 

2—8 

48 

0.0000 

0.0022 

0.0006 

2—1 

44 

0.0000 

0.0023 

0.0007 

1—56 

40 

0.0000 

0.0024 

0.0007 

1—60 

36 

0.0000 

0.0025 

0.0007 

1—43 

32 

0.0000 

0.0027 

0.0008 

1—39 

28 

0.0000 

0.0031 

0.0009 

1—39 

24 

0.0000 

0.0033 

0.0010 

1—31 

20 

0.0000 

0.0036 

0 0010 

1—22 

18 

0.0000 

0.0041 

0 0012 

1—26 

16 

0.0000 

0.0045 

0.0013 

1—22 

14 

0.0000 

0.0049 

0.0014 

1—19 

13 

o.ooeo 

0.0052 

0.0015 

1—17 

12 

0.0000 

0.0056 

0.0016 

1—17 

11 

0.0000 

0.0059 

0.0017 

1—14 

10 

0.0000 

0.0064 

0.0018 

1—13 

0 

0.0000 

0.0070 

0.0020 

1—12 

8 

0.0000 

0.0076 

0.0022 

1—10 

7 

0.0000 

0.0085 

0.0025 

1—8 

P 

0.0000 

0.0101 

0.0029 

1—0 

5 

0.0000 

0.0116 

0.0033 

1—a 


0.0000 

0.0127 

0.0037 

1—5 

4 

0.0000 

0.0140 

0.0040 

1—4 


>Varlatloa In lead between any two- 
threads not fturther apart than the length 
Of engagement whkdi would absorb one- 
half riiAmAiiwr toleraooe. 

^Varta TOffin la half which would 

alMOib one-half the pSSdlameter toler- 
aaoe. 


Table 103. Class 3 Fit 


Allowances and Tederanoes for Screws and 
Nuts (Coarse-and Fine-Thread Series Only) 



Piteh- 

Lead> 

Vari¬ 

ation 

(hato) 

Varia- 

Threads 

Allow- 

Diam. 

atMMpia 


anoe 

(Inehes) 

Toler- 

unmn 

(Inohee) 

HAngle 

ssr 

80 

0.0000 

0.0013 

0.0004 

1—59 

72 

0.0000 

0.0013 

0.0004 

1—47 

64 

0.0000 

0.0014 

0.0004 

1—43 

56 

0.0000 

0.0015 

0.0004 

1—36 

48 

0.0000 

0.0016 

0.0005 

1—28 

44 

0.0000 

0.0016 

0.0005 

1—21 

40 

0.0000 

0.0017 

0.0005 

. 1—18 

36 

0.0000 

0.0018 

0.0005 

1—14 

32 

0.0000 

0.0019 

0.0005 

1—10 

28 

0.0000 

0.0022 

0.0006 

1—11 

24 

0.0000 

0.0024 

0.0007 

1—6 

20 

0.0000 

0.0026 

0.0008 

1—0 

18 

0.0000 

0.0030 

0.0009 

1—2 

16 

0.0000 

0.0032 

0.0009 

0—59 

14 

0.0000 

0.0036 

0.0010 

0—68 

13 

0.0000 

0.0037 

0.0011 

0—65 

12 

0.0000 

0.0040 

0.0012 

0—55 

11 

0.0000 

0.0042 

0.0012 

0—63 

10 

0.0000 

0.0045 

0.0013 

0—62 

9 

0.0000 

0.0049 

0.0014 

0—51 

8 

0.0000 

0.0054 

0.0016 

0—50 

7 

0.0000 

0.0059 

0.0017 

0—47 

6 

0.0000 

0.0071 

0.0020 

0—49 

5 

0.0000 

0.0082 

0.0024 

0—47 


0.0000 

0.0089 

0.0026 

0—46 

4 

0.0000 

0.0007 

0.0028 

0—44 


<Variatioa in lead between any two- 
threads not farther apart than the length 
of engagement wbScli would absorb one- 
half tnel^tch diameter toleranoe. 

*Variaaon la half anjds whleb would 
absorb one-half the pitefi diameter toler¬ 
anoe. 
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TERMINOLOGY 
Terms Relating to Threads 

ScBBW Thbbad: A ridge of uniform section in the form of a helix on the external 
or mtemal smface of a cylmder. 

External Thread: A thread on the outside of a member. See Fig. B. 

Internal Thread: A thread on the inside of a member. 

Major Diameter: The largest diameter of a screw thread. The term major 
diameter apphes to both mtemal and external threads and replaces the term 
^‘outside dimeter"’ as apphed to the thread of a screw and also the term *^ull 
diameter^’ as apphed to the thread of a nut. 

Minor Diameter: The smallest diameter of a screw thread. The tenn minor 
diameter apphes to both mtemal and external threads and replaces the terms 
^'core diameter'' and ^^root diameter" as apphed to the thread oi a screw and also 
the term ‘^inside diameter" as apphed to the thread of a nut. 

Pitch Diameter: The diameter of an imaginary cyhnder the surface of which 
would pass through the threads at such pomts as to make equal the width of the 
threads and the width of the spaces cut by the surface of the cyhnder. 

Pitch: The distance from a pomt on a screw thread to a correspondmg pomt 
on the next thread measured parallel to the axis. 


Pitch (m inches) = 


Number of threads per mch 

Lead: The distance a screw thread advances axially m one turn. On a smgle- 
thread screw, the lead and pitch are identical; on a double-thread screw, the lead 
is twice the pitch; on a triple-thread screw, the lead is three times the pitch, etc. 

Angle of Thread: The angle mcluded between the sides of the thread meas¬ 
ured m an axud ^ane. 

Half-Angle: The angle mcluded between a side of the thread and the normal 
to the axis, measured m an axial plane. 

PbsLix Angle: The angle made oy the helix of the thread at the pitch diameter 
with a plane perpendicul^ to the axis. 

Crest: The top surface joming the two sides of a thread. 

Root: The bottom surface joining the sides of two adjacent threads 

SmE. The surface of the thread which connects the crest with the root. 

Axis OF A Screw. The longitudinal central hne through the screvi 

Depth of Thread: The distance between the crest and the loot of thread 
measured normal to the axis. 

Length op Engagement: The length of contact between two mating parts, 
measured axially. 

Depth op Engagement The depth of thread contact of two mating parts, 
measured radially 


SYMBOLS 

Specifications on Drawings, etc. In the past, when the United States Standard, 
or Society of Automotive Engineers' Standards, were foUowed one would specify 
a J4-inch thread thus 3^"-13 U S S Th When usmg the American Standard, 
the above specification would be changed to NC-2. 

The Ji" stands for the diameter; 13 for the number of threads per inch; N for 
National; C for coarse thread; and 2 mdicatmg the class of fit desired. For a 
thread machined m a hole the specification womd read thus: Tap NC5-2 

The above discussion apphes to the Ameiican Standard CJoarse-Thread Senes 

If a fine thread is to be cut on a piece part having a }^mch diameter and a 
left-hand threacL the specification would be as follows, -20NF-2LH. The N 
bemg used for National; F for fine thread; 2 for the class of fit; LH for left-hand 
thre^ The above discussion apphes to the Amencan Standard Fine-Thread 
Senes. 

The B^ial senes or The Amencan Standard 8-Pitch, 12-Pitch, and 16-Pitch- 
Thread Senes would be specified as follows when it is desired to have a 5" diam¬ 
eter rod threaded having an 3-pitch thread, 12-pitch or IG-pitch thread, and a 
Caass 3 Fit. 6"-8N-3, 5^'.12N-3, 6"-16N-3. 
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SCREW-THREAD FITS 

Classiftcatioih Four classes of screw-thread fit are provided: Class 1, Oass 2, 
Class % and Class 4. Of these Class 1 fit is the loosest and Class 4 the dosest, 
with Gasses 2 and 3 graduated between. These four fits are produced by the 
application of snedfic tolerances or tolerances together with aUowances, the 
latter being applicable in the case of the screw only, to the basic pitch diameter 
of the thread which is the same for both internal and external threads of like sise 
and pitch. The tolerances throughout are apphed pitta to the hole and mtnva 
to the screw. 

Class 2 Fit This class is a much higher quality of fit than Gass 1 and is used 
extensively where mterchangeabihty is desired. In some cases screws are made, 
that fit an internal thread very closely, or with a fit that has no play or looseness, 
such depending upon the accuracy of the pitch diameter of external and mtemal 
thread. This cla^ of fit is recommended for general use. 

Class 3 Fit This class is one that is not used as extensively as Gass 2, for it 
represents an exceptionally high grade of commercially threaded product and is 
recommended only in cases where the high cost of precision tools and contmual 
checking of tools and product is warranted. 

Class 4 Fit This class is one that is not used on high production work and it 
is only used for selective assembly. This is a much higher grade of fit than Class 
3, which 16 mostly used m automotive work. Class 4 Fit is used m auplane plants 
where a fine snug fit is required on various aircraft piece parts. 

The efficiency of any screw, whether it be on a bolt or a screw used m connection 
with a machme for feedmg a slide of some kind, depends on the fit of that screw 
Bolts must have accurately cut threads so that their power to hold pieces together 
is not impaired. Thus if a bolt is to be correctly made, its pitch diameter must 
comcide with the pitch diameter of the nut. 

The followmg material on fittings of threads is taken from *'Machine Shop 
Operations*’ published by the American Technical Society 

A study of Figs. 1 to 4 will readily show the student correct and incorrect 
fittings of threads. 

The manner m which threads fit when two surfaces are placed together is very 
important. In a case of a lead screw on a lathe, for mstance, the sides of the 
threads on the screw must exactly match the sides of the thread in the nut, other- 
\\ise there will be excessive wear, especially on the nut, and the machme will not 
do good work. In the case of a bolt which is designed to carry a certain load, the 
thread must fit the nut or the hole, as the case may be, otherwise the holdmg 
power of the bolt will be greatly reduced. The diagrams shown in Figs. 1 to 4 
illustrate this pomt and it is recommended that the student study them carefully 

A study of the diagrams contamed in Figs. 1 to 4 will show why a good fit 
between the threads on a bolt and those m the nut is important. A wdl-fitted 
thread will prevent the nut from loosemng and >m 11 also mcrease the holding 
strength of the bolt very materially. 

A good fit may be defined as one where the pitch diameter of the thread on 
the bolt coincides with the pitch diameter of the thread in the nut and where the 
sides of the thread on the bolt are cut at the same angle as those on the threads in 
the nut. The amount of clearance at the top or bottom of the thread should be 
only enough to allow the nut to turn readily on the bolt m order to give the 
maximum amoimt of bearmg surface on the threads 

The man in the shop decides about the fit of a bolt in a nut by the manner m 
which the two go together. If the bolt screws into the nut or mto a blmd hole 
freely but with a snug fit and no shake, he knows by a sense of ''feel” that the 
two threads fit. This knowledge of “feel” of a wefl-fitted thread is especially 
important when assembhng machinery and comes only through practice. A 
beginner ifiiould make it a point to learn this very early in his career, so that 
when cutting threads either with a tap or otherwise, he will be able to know 
when the threads are well fitted. 
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Fig. 1. Diagram Ulartratlng a good flt between two throaded 
•nrteoes. Note the equal dearanoe at top and bottom of the 
thread In the nut and the acrew, Alao note the doping ddes 
of the threads on the s crew and in the nut are the same, so 
that a perfect bearing esdsts between the two ddes of the 
threads. The fit between the sides of the threads Is important. 



Fig. 2. Diagram showing a poor fit be t ween two threaded 
sorfltoes. This conditlan will exist when the t hre a ds on the 
bolt are out too small or those in the not are out too large. 
Note the large dearanoe at the bottom of the thread. This 
wnaWsis the holding power of the nut and the screw rerr 
materially. In a wsQ-fitttng thread, the plteh lines of ttm 
two threads ootadde, or oome together. 
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Sig. 8. Here tbe thread In the nnt la c or rect but the one on 
the screw has been turned thin and Is oirerslze so that the 
top of the thread on the screw la binding at the bottom of 
the thread In the nut. This Is a bad oonditlim as It will cause 
the nut to bind on the screw and perhaps strip the thread. 



Xlg. 4. Diagram showing the effects of filing the tops of the 
threads on the bolt. Note that almost half the thread on the 
s crew has been filed away and that the thread Is too thin. 
A waeew with this kind of a thread on It win loosen Tery 
Quickly and its holding power wifi be greatly reduoed. A fit 
€f this Idnd will hiTaiiably cause fpouble. 
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Table 104. Tap Drill Sizeg 

(American Naticxnal Form Threada—Fine-Thread Series) 


Sm 

Tlmsds 

Msior 

Diaoeter 

OoBuneroial 

TtoDriU 

tofVoduee 

Deoisnl 

BottivaleBt 

ofTapDriU 

0 

80 

0.0600 


0.0469 

1 

72 

O.O-’OO 

So 


2 

64 

0.0860 

50 

0.0700 

2 

56 

0.0900 

45 

0.0820 

4 

48 

0.1120 

42 

0.0935 

5 

44 

0.1250 

37 

0.1040 

• 

40 

0.1380 

33 

0.1130 

S 

36 

0.1640 

29 

0.1360 

10 

32 

0.1900 

21 

0.1590 

12 

28 

0.2160 

14 

0.1820 

lA 

28 

0.2500 

3 

0.2130 

Mo 

24 

0.3125 

I 

0.2720 

jS 

24 

0.3750 

Q 


*A% 

20 

0.4375 



Vi 

20 

0.5000 

*•2 

0.4531 

M« 

18 

0.5625 


0.6156 


18 

0.6250 


0.5781 


16 

0.7500 


0.6875 

% 

14 

0.8750 


0.8125 

1 

14 

1.0000 


0.9375 

1 yu 

12 

1.1250 

1 >4 

1.0460 

1 V4 

12 

1.2500 

i“/S 

1.1719 

1 71 

12 

1.3750 


1.2969 

1 % 

12 

1.5000 

l”4 

1.4219 


Table 105. Tap Drill Sizes 

(American National Form Threads—Coarse-Ttaread Series) 


Sise 

Thntds 

Malar 

Diameter 

Commeraal 
TapDriU 
to nroduoe 

Deeimal 
Equivalent 
of Drill 

1 

64 

0.0730 

53 

0.0695 

2 

56 

0.0860 

50 

0.0700 

3 

48 

0.0990 

47 

0.0785 

4 

40 

0.1120 

43 

0.0890 

S 

40 

0.1250 

38 

0.1015 

6 

32 

0.1380 

36 

0.1065 

8 

32 

0.1640 

29 

0.1360 

10 

24 

0.1900 

25 

0.1495 

12 

24 

0.2160 

16 

0.1770 


20 

0.2500 

7 

0.2010 


18 

0.3125 

P 

0.2670 


16 

0.3750 

*4 

0.3125 


14 

0.4375 

if 

0.3680 

Mt 

13 

0.5000 

”4 

0.4219 

Me 

12 

0.5625 

’*4 

0.4844 

% 

11 


**4 

0.5312 


10 

0.7600 

»4 

0.6562 

vi 

9 


**4 

0.7656 


8 

1.0000 

ii 

0.8750 

1 ^ 

7 

1.1250 

••4 

0.9844 

1 ^ 

7 

1.2500 

1*4 


1 

6 

1.3750 

1*4 


1 U 

6 

1.5000 

1**4 

1 

1 4% 

5 

1.7600 

1*4 

1 

2 

4H 


1«4 

1. 731 $ 


4H 

2.2500 

2*4 



4 

2.5000 

2K 


2% 

4 

2.7500 

2H 

2.5000 


m 
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TABLE 106 


Decimal Equivalents of Fractions of an Inch 


^4 0.015625 

Hit 0.515625 

14 0.03125 

nit 0.53125 

8^ 0.046875 

884 0.546875 

Hi 0.0625 

Ke 0.5625 

% 0.078125 

0.578125 

% 0.09375 

% 0.59375 

% 0.109375 

8% 0.609375 

Vs 0.125 

^ 0.625 

% 0.140625 

«4 0.640625 

0.15625 

84 0.65625 

0.171875 

«4 0.671875 

% 0.1875 

14 0.6875 

184 0.203125 

^4 0.703125 

7^ 0.21875 

84 0.71875 

0.234375 

474 0.734375 

^ 0.250 

H 0.750 

174 0.265625 

«4 0.765625 

0.28125 

24 0.78125 

1 % 0.296875 

5*44 0.796875 

^6 0.3125 

•Jfs 0.8125 

0.328125 

Hit 0.828125 

% 0.34375 

I 

d 

88(^4 0.359375 

0.859S75 

0.375 

0.875 

84 0.390625 

874 0.890625 


■lllllllllllllllll^^ 

274 0.421875 

0.921875 

74 0.4375 

1-4 0.9375 

294 0.453125 

64 0.953125 

14 0.46875 

»Jj2 0.96875 

84 0.484375 

634 0.984375 

0.500 
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D 

A 

B 

( 

Diuoettt 

D 

Coane 

(Amorican 

Standard) 

Threads 

D 

F 

across 

Flats 

H 

% 

H 

Mi 

18 

H 


H 

H 

Ke 

% 

16 

H 


H 

y» 

»A 


13 



H 

1 

H 

H 

11 

H 

H 



*Lcngth (L). 

CoHrt^My of iiac-Jt Porto Companj/t Lancaotert Pa, 
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Allowance for bendH. 32 
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Angle plate drill jigs. .268 

Angle plates. 66 
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Automatic locks.112 

Automatic screw machines.... 183 

circular forming tools for.184 
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Back-up screw blocks.247 

Bars, combination.159 
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Blanking dies.421 

Bolster plates.124 
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Boring bars.77, 235 

cam-operated.159 
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keyway.136 


Broaches (Continued) 

miscellaneous.137 

Broaching fixtures.378 

Broaching machine.389 

Bronze. 27 

Bulldozer dies.447 

Bushings. 88 

drill. 88 

guide post.124 

head liner. 89 

head press fit. 89 

headless press fit. 89 

plain renewable. 88 

shoulder liner. 89 

slip renewable.89, 90 

C 

Cam clamp. 56 

Cam drill jigs .288 

Cam latches. 61 

Cam locks.116 

Cam-operated bars.159 

Cams. 56 

Cast iron. 27 

Checking. 22 

Chuck body.211 

Chuck jaws.209, 212 

Chucks.209 

combination.210 

hand-operated.219 

heavy-duty.223 

independent.210 

index.214 

medium-duty.219, 227 

power.210, 217, 218 

self-centering.210 

sizes.213 

tongue-and-groove.217, 218 

wrenchless.212, 214, 216 

wrench-operated.227 

Circular forming tools.184 

diameters of work.191 

Clamp locks. 89 

Clamps.52, 94 

and clamping methods.94 

Grippet.278 

minimum height.100 
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standard. 95 
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with cam handles. 98 

with roller cams. 98 

with springs. 95 

Cold-rolled steel. 28 

Combination boring bars.152, 159 

Combination boring, threading, 

and facing bars.159 

Commercial standards. 87 

Comparators — .479 
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piercing dies.439 

Cutoff and forming dies.430 

Cutters, boring bar. 77 

Cutting tools.133 

boring.141 
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special.175 
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Decimal equivalents.493 

Depth gage.469 

Detailing.17-20, 21 

Diameters of work of circular 

forming tool.191 

Die-casting dies.447 

Die sets.120 
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Die springs.127 

Dies.21, 77, 413 

blanking.421 
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compound blanking and 

piercing.439 

cutoff and forming.430 

die-casting.447 

drop-forging.444 

forming.430 

piercing.420, 430 

progressive.421 

punch presses for.415 

trimming.456 

Dimensioning.17, 23 

Distance gages.476 


Double-spindle broaching 

machine.389 

Dovetail angles.257 

Dovetails.258 

Dowel holes. 20 

Dowel pins.48, 12S 

Drill jigs.103,261 

angle plate.268 

auxiliary.324 

box.295 

cam.288 

dimensions for.104, 110 


Drill jigs (Continued) 


for housings.107 

for shafts. 106 

indexing.311 

leaf. .271 

plate.263 

rack and pinion.104 

shaft...275 

swinging clamp.291 

welded.410 

Drill rod. 28 

Drills, multifiute.170 

Drill-thru locator pins.52 

Drop-forging dies.444 


E 


Elements of tool design. 18 

Eyebolts. 48 


F 

Facing bars, combination.159 

Fits. 18 

for screw threads.487, 489 

Fi]iftures.335 

boring.3W 

broaching.378 

gaging.476 

grinding.394 

indexing.377 

key way.350 

keyway broaching.378 

milling.336, 354 

planing.407 

spotfacing.403 

straddle-milling.341 

tapping.405 

welded.410 

Flat plug gages.464 

Forming dies..430 

Forming tools, circular.184 

Fundamentals in design practice.. 15 


G 


Gage arbors.470 

Qages.71, 459 

angle.476 

comparator. 479 

depth..469 

distance.476 

plug.460 

relation.. 471 

ring. ..464 

snap.466 

thickness.21 

thread.465, 467 

width.470 

Grinding, relief for. ;... 21 

Grinding fixtures..394 

Guide post bushings.121 
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Hand knobs. 37 

Handles for handwheels.41 

Handwheels.41 

Hardness conversion table.34 

Hardness of metals. 32 

Holders, tool.66 

Hollow mills.177 

Hot>rolied steel.28 

I 

Index tables.118 

Indexing jigs.311 

Indexing milling fixture.377 

J 

Jack locks.100 

Jig and fixture standards. 37 

Jig feet.•. . 44 

Jigs—see drill jigs 


K 

Keys. 48 

Key way fixtures.350 

Knurling.192 

L 

Lathes, automatic.194 

Leaf drill jigs.271 

Locating pins and retainers. 93 

Locator pins.44 

Lock screws.89 

Locks.100 

automatic.112 

cam.116, 118 

clamp.89 

M 

Magazine for milling fixture.372 

MaUeableiron. 28 

Manual of procedure.19 

Materials.25 

for boring bars .142 

Milling fixtures.336, 354 

Milling machine chart.337 

Multinute drills.170 

Multiple-spindle machine.254 

N 

Nitriding steels.31 

P 

Piercing dies.420 

Pins'.128 

dowel.48, 128 

locator.44, 52, 93 

rest. 44 

Pipe fittings.253 

operations to finish.255 

Planing fixtures.407 
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Plate drill jigs.263 

Plates, stripper.127 

Plug gages.460 

C3dindrical.462 

flat.464 

plain.461 

special.462 

Procedure, manual of. 19 

Punch and die block.419 

Punch press data.415 

Punches and dies . 77 

Q 

Qualifications of a tc»ol designer. . . 12 

Quiz questions.24, 35, 85, 

131, 182, 259, 334, 411, 457, 479 

R 

Rcarnor arl)ors. 242, 244 

Reamer bars.153 

Relation gages .471 

Relief for grinding. 21 

Rest buttons. 93 

Rest pads.44 

Rest pins.44 

Retainers.93 

Revision of design.24 

Ring gages.464 


S 

S.A.E. steels. 

Screw holes. 

Screw threads. 

dimensions. 

fits. 

symbols. 

terminology. 

Screws. 

lock. 

Seat washers. 

Sequence of operations for 

pipe fittings. 

Serrations, fixtures for 

broaching . 

Shaft drill jigs. 

Shanks for boring bars, 

standard. 

magic chuck. 

Morse taper. 

rapid slip chuck . 

Wizard chuck. 

Shell forgings. 

Shoulder guide posts. 

Single-point boring bars .. 
Slip renewable busings .. 

Special cutting tools . 

Spotfacing fixtures. 

prings, me . 
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Steels. 28 

St^te. 31 

Stops, automatic stock feed.129 

Str^dle-milling fixtures.341 

Stripper .bolts.1^, 494 

Stripper plates. 127 

Stu&.48 

Swinging clamp drill jigs.291 

Symbols.482, 488 


T 

T-screws. 48 

Tap drill sises.492 

Tapping fixtures.405 

Tbread gages.465, 467 

Threading bars, combination.159 

Threads, screw.483 

Titles.19, 20, 23 

Tolerance. 17 

ToolbiU. 81 

for boring bars.164 

Tool blocks.245 

illustrations.197, 198, 200, 

201, 202, 203, 205, 207, 208, 
211, 215, 244, 245, 249 
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Tool holders.66, 250 

Tool steels.29 

Tooling for production.183 

automatic lathes.194 

automatic screw machines.183 

broaching.389 


Tools for spmal purpose 

machines.253 

Top plates for jigs.106, 111 

Tnmming dies.456 

Tungsten carbide. 31 

Turret lathes.229 

tools and layout.232 


Vises 


V 


338 


W 


Washers, seat. 52 

Weld symbols.482 

Welded jigs and fixtures.410 

Width gages.470 
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Tables and Data 


Useful Information 


To find the circumference of a circle, multiply the diameter by 3.1416. 

To find the diameter of a circle, multiply the circumference by .31831. 

To find the area of a circle, multiply the square of the diameter 
by .7854. 

The radius of a circle X 6.283183 » the circumference. 

The square of the circumference of a circle X .07958 the area. 

Half the circumference of a circle X half its diameter « the area. 

The drcumference of a circle X .159155 » the radius. 

The square root of the area of a circle X .56419 » the radius. 

The square root of the area of a circle X 1.12838 » the diameter. 

To find the diameter of a circle equal in area to a given square, mul¬ 
tiply a side of the square by 1.12838. 

To find the side of a square equal in area to a given circle, multiply 
the diameter by .8862. 

1\> find the side of a square inscribed in a circle, multiply the diameter 
by .7071. 

To find the side of a hexagon inscribed in a circle, multiply the diam¬ 
eter of the circle by .500. 

To find the diameter of a circle inscribed in a hexagon, multiply a 
aide of the hexagon by 1.7321. 

To find the side of an e^ilateral triangle inscribed in a circle, mul¬ 
tiply the diameter of the circle by .866. 

To find the diameter of a circle inscribed in an equilateral triangle, 
multiply a side of the triangle by .57735. 

To find the area of the surface of a ball (sphere), multiply the square 
of the diameter by 3.1416. 

To fiind the volume of a ball (sphere), multiply the cube of the diam¬ 
eter by .5236. 

DouUing the diameter of a pipe increases its capacity four times. 

To find the pressure in pounds per square inch at the base of a column 
of vater, multiply the height of the column in feet by .433. 

A gallon ct water (U. S. Standard) weighs 8.336 pounds and contains 
231 cubic inches. A cubic foot of water contains 7}^ gallons, 1728 cubic 
indies, and weighs 62.42S pounds at attemperature of about 39* F. 

Them weights change shghtly above and below this temperature. 


Tables and Data 


In accordance witn the standard practice approv^, by the American 
Standards Association, the ratio 25.4 mm =» 1 inch is used for convert* 
ing millimeters to inches. This factor varies onlv two millionths of an 
in^ from the more exact factor 25.40005 mm, a difference so small as to 
be negligible for industrial length measurements. 

Metric Measures 

The metric unit of length is the meter « 39.37 inches. 

The metric unit of weight u the gram » 15.432 grains. 

The following preGxes are used for sub-divisions and multiples: 
Milli »• tbVi,, Crati » tJb, Deci =« Deca “ 10, Hecto ■« 100, Kilo 
- 1000,Myria - 10,000. 


Metric and English Eq^iivalent Measures 

MEASURES OF LENGTH 


Metric 
1 meter 
.3048 meter 
1 centimeter 
2.54 centimeters 
1 millimeter 
25.4 millimeters 
1 kilometer 


English 

39.37 inches, or. 3.28083 feet, or 1.09361 yards 
1 foot 
.3937 inch 
1 inch 

.03937 inch, or nearly 1-25 inch 
I inch 

1093.61 yards, or 0.62137 mile 


Metric 
1 gram 
.0648 gram 
28.35 grams 
I kilogram 
.4536 kilogram 

1 metric ton 
1000 kilograms 

1.016 metric tons 
1016 kilograms 


MEASURES OF WEIGHT 

English 
15.432 grains 
* 1 grain 

« 1 ounce avoirdupois 

» 2.2046 pounds 
» 1 pound 

.9842 ton of 2240 pounds 
19.68 cwl. 

2204.6 pound.s 

I s 1 ton of 2240 pounds 



MEASURES OF CAPACITY 


Metric 


1 liter ( ^ 1 cubic decimeter) 

28.317 liters. 

3.785 liters. 

4.543 liters. 


English 

61.023 cubic inches 
^ .03531 cubic foot 
' .2642 gal. (American) 

2.202 lbs. of water at 62^ F. 
1 cubic foot 
1 gallon (American) 

1 gallon (Imperial) 
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English Conversion Table 


L$ngth 


Inchet 

X 

.0833 

« feet 

Inchei 

X 

.02778 

■ yards 

Inches 

X 

.00001578- mikt 

Feet 

X 

.3333 

« yards 

Feet 

X 

.0001804 

« miles 

Yards 

X 

36.00 

inches 

Yards 

X 

3.00 

*» feet 

Yards 

X 

.0005681 

» miles 

Miles 

X 

63360.00 

« inches 

Miles 

X 

5280.00 

« feet 

Miles 

X 

1760 00 

* yards 

Circumference of circle 

X 

.3188 

» diameter 

Diameter of circle 

X 

3.1416 

« circumference 

Ar$a 

Square inches 

X 

.00694 

>■ square feet 

Square inches 

X 

.0007716 

square yards 

Square feet 

X 

144.00 

» square inches 

Square feet 

X 

.11111 

« square yards 

Square yards 

X 

1206.00 

■B square inches 

Square yards 

X 

9.00 

square feet 

Dia. of circle squared 

X 

.7854 

• area 

Dia. of sphere squared 

X 

3.1416 

>■ surface 

Volumi 

Cubic inches 

X 

.0005787 

■B cubic feet 

Cubic inches 

X 

.00002149 

t a* cubic yards 

Cubic inches 

X 

.004329 

B« U. S. gallons 

Cubic feet 

X 

1728.00 

BBi cubic inches 

Cubic feet 

X 

.03704 

■B cubic yards 

Cubic feet 

X 

7.4805 

■> U. S. gallons 

Cubic yards 

X 

46656.00 

■B cubic inches 

Cubic yards 

Dia. of sphere cubed 

X 

27.00 

» cubic feet 

X 

.5236 

» volume 

Weiifhi 

Grains (avoirdupois) 

X 

.008288 

» ounces 

Ounces (avoirdupois) 

X 

.0825 

•B pounds 

Ounces (avoirdupois) 

X 

.00008125 

tons 

Pounds (avoirdupois) 

X 

18.00 

«■ ounces 

Pounds (avoirdupois) 

X 

.01 

» hundredweight 

Pounds (avoirdupois) 

X 

.0005 

"B tons 

Tons (avoirdupois) 

X 

82000 00 

■i ounces 

Tons (avoirdupois) 

X 

2000.00 

m pounds 
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English Conversion Table 

Energy 


Horsepower 

X 

33000. 

■tft-lbs. per min* 

B. t. u. 

X 

778.«6 

-ft..lbs. 

Tod of refrigeration 

X 

« 00 . 

»B. t. u. per min. 

Pressure 

Lbs. per sq. in. 

X 

2.31 

= ft. of water (60®P.) 

Ft .of water (60®F.) 

X 

.433 

« lbs. per sq. in. 

Ins. of water (60®F.) 

X 

.0361 

— lbs. per sq. in. 

Lbs. per sq. in. 

X 

27.70 

« ins. of water (60®F.) 

Lbs. per sq. in. 

X 

2.041 

« ins. of Hg. (60T.) 

Ins. of Hg (60^F.) 

X 

.490 

— lbs. per sq. in. 

Potoer 

Horsepower 

X 

746. 

» watts 

Watts 

X 

.001341 

» horsepower 

Horsepower 

X 

42.4 

B B. t. u. per min. 


Water FaUort (at point of greatest density—^39.2*F) 


Miners inch (of water) 

X 

8.976 

» U. S .gals, per min. 

Cubic inches (of water) 

X 

.57798 

ounces 

Cubic inches (of water) 

X 

.036124 

~ pounds 

Cubic inches (of water) 

X 

.004329 

~ U. S. gallons 

Cubic inches (of water) 

X 

.003607 

n English gallons 

Cubic feet (of water) 

X 

62.425 

« pqunds 

Cubic feet (of water) 

X 

.03121 

=s tons 

Cubic feet (of water) 

X 

7.4805 

» U. S. gallons 

Cubic feet (of water) 

X 

6.232 

s English gallons 

Cubic foot of ice 

X 

57.2 

s pounds 

Ounces (of water) 

X 

1.73 

s cubic inches 

Pounds (of water) 

K 

26.68 

=s cubic inches 

Pounds (of water) 

X 

.01602 

=» cubic feet 

Pounds (of water) 

X 

.1198 

» U. 5. gallons 

Pounds (of water) 

X 

.0998 

« English gallons 

Tons (of water) 

X 

32.04 

s* cubic feet 

Tons (of water) 

X 

239.6 

s U. S. gallons 

Tons (of water) 

X 

199.6 

B English gallons 

U. S. gallons 

X 

231.00 

» cubic inches 

U. S. gallons 

X 

.13368 

=s cubic feet 

U. S. gallons 

X 

8.345 

» pounds 

U. S. gallons 

X 

.8327 

» English gallons 

U. S. gallons 

X 

3.785 

= 'liters 

English gallons (Imperial) 

X 

277.41 

8 cubic inches 

English gallons (Imperial) 

X 

.1605 

» cubic feet 

English gallons (Imperial) 

X 

10.02 

» pounds 

English gallons (Imperial) 

X 

1.201 

» U. S. gallons 

English gallons (Imperial) 

X 

4.546 

» liters 



Tables and Data 


Metric Conversion Table 


Lengfk 


Millimeters 

X 

.03937 

» inches 

Millimeters 

+ 

25.4 

» inches 

Centhneters 

X 

.3937 

a inches 

Centimeters 

+ 

2.54 

a inches 

Meters 

X 

39.37 

a inches (Act, Q)ng.) 

Meters 

X 

3.281 

a feet 

Meters 

X 

1.0936 

a yards 

Kilometers 

X 

.6214 

a miles 

Kilometov 

+ 

1.6093 

a miles 

Kilometers 

X 

3280.8 

a feet 

Area 

Sq. Millimeters 

X 

.00155 

a sq. in. 

Sq. Millimeters 

+ 

645.2 

a sq. in. 

Sq. Centimeters 

X 

.155 

a sq. in. 

Sq. Centimeters 

•T* 

6.452 

a sq. in. 

Sq. Meters 

X 

10.764 

a sq.ft. 

Sq. Kilometers 

X 

247.1 

a acres 

Hectares 

X 

2.471 

a acres 

Velum 

Cu. Centimeters 

+ 

16.387 

cu. in. 

Cu. Centimeters 

+ 

3.69 

- fl. drs. (U.S.P.) 

Cu. Centimeters 

+ 

29.57 

= fl. oz. (U.S.P.) 

Cu. Meters 

X 

35.314 

=• cu. ft. 

Cu. Meters 

X 

1.308 

a cu. yards 

Cu. Meters 

X 

264.2 

a gals. (231 cu. in.) 

Litres 

X 

61.023 

= cu. in. (Act. Cong.) 

Litres 

X 

33.82 

- fl. oz, (U.S.P.) 

Litres 

X 

.2642 

» gals. (231 cu. in.) 

Litres 

+ 

3.785 

« gals. (231 cu. in.) 

Litres 

+ 

28.317 

- cu. ft. 

Hectolitres 

X 

3.531 

* cu. ft. 

Hectolitres 

X 

2.838 

B bu. (2150.42 cu. in.) 

Hectolitres 

X 

.1308 

= cu. yds. 

Hectolitres 

X 

26.42 

B gals. (231 cu. in.) 

Weitkt 

Grams 

X 

15.432 

a grains (Act. Cong.) • 

Grams 

+ 

981. 

a dynes 

Grams (water) 

+ 

29.57 

a fl. oz. 

Grams 

-I- 

28.35 

a oz. avoirdupois 

Kilo>grams 

X 

2.2046 

a lbs. 



Tables and Data 


Metric Conversion Table (Cont.; 


Weizht 

KitO'grams X 35.27 * oz. avoirdupois 

Kilo^ms X .0011023 « tons (2000 lbs.) 

Tonneau (Metric ton) X 1.1023 » tons (2000 ibsj 

Tonneau (Metric ton) X 2204.6 ■» lbs. 


Unit Weight 

Grams per cu. cent. 4* 

Kilo per meter X 

Kilo per cu. meter X 

Kilo per Cheval X 

Grams per liter X 


Pressute 

Kilo-grams per sq. cm. X 

Kilo-grams per sq. cm. X 


Atmospheres (international) X 


Energy 


27.68 n lbs. per cu. in. 

.672 » lbs. per ft. 

.06243 » lbs percu. ft. 

2 235 lbs per h. p. 
.06243 s lbs. per cu. ft. 


14 223 a lbs. per sq. in. 

32 843 = ft. of water (60'F.) 

14 696 a lbs. per sq. in 


Joule 

Kilo-gram meters 


.7376 

7.233 


ft. lbs. 
ft. lbs. 


Power 
Cheval vapeur 
Kilo-watts 
Watts 
Watts 


.9863 
1 341 
746 

.7373 


h.p. 
h. p. 
h. p. 

ft. lbs. per sec 


MieceUaneoue 
Kilogram calorie 
Stanmrd gravity 
(Sea kvel 45* lat.) 
IVigories/hr. (Ftencli) 


X 3.968 
•f 980.665 

* 802S.0 


B. t. u. 

centimeters per sec 
per sec. 

. Ton> refrigeiatioB 



Tables and Data 


« foUowing pages show temperatures on Fahrenheit and Centigrade tbemomelafs. 


Equivalent Temperature Readings for Fahrenhdt 
and Centigrade Scales 


9 hren- 

Centi- 

Fahrea- 

Centi* 

Fahren* 

Centi- 

Fehrea- 

CenU. 

C teit 
ff 

grade 

Pegs. 

heit 

Pegs. 

pade 

Pegs. 

heit 

Pep. 

pade 

Pep. 

heit 

Pep. 


A#.4 

—273 

-21. 

-29.4 

17.6 

-8. 

K 


12.8 

f m. 

—270. 

-20.2 

—§19 

18. 

—7.8 

67 


11.9 

\ 18. 

-260. 

-20. 

19. 

—7.2 

57 

.2 

«:4 

.00. 

—240. 

-19. 

-28.3 

19.4 

- 7 . 

« 


-382. 

—230. 

-18.4 

-28. 

a- 

—6.7 

B 


3:. 

>^304. 

—220. 

H!* 

-27.8 

21. 

-6.1 

B 


-^48. 

—210. 

-17. 

—27.2 

21.2 

—8. 

80 

.9 

3:. 

-328. 

—200. 

—16 6 

-27. 

22* 

—5.6 

81 

• 

-310. 

—190. 

~!i- 

—26 7 

3. 

- 5 . 

82 

. 

18.7 

•292. 

—180. 

-15. 

-26.1 

24* 

—4.4 

82 

.8 


‘ -274. 

—170. 

—14.8 

iS:. 

24.8 

— 4 . 

83 

* 

17.2 


6. 1 

—160. 

-14. 

25. 

—3.9 

S 

. 

17.8 

8. 

—180. 

-13. 

-25. 

28. 

—3 3 

84 

.4 

1!-. 

\ 220. 

—140 

-12. 

—24.4 

26.6 

— 3 . 


• 

li.s 

• 202. 

—130. 

-11.2 


H- 

—2 8 

fi 


18.9 

: *184. 

-120. 

““U- 

28. 

—2.2 

6( 

L2 

18* 

V -106. 

—no 

-10. 

—23.3 

28.4 

-2. 

G 


18.4 

‘ -148. 

—100. 

— 9 4 

-28. 

a* 

-1.7 

fi 

1 . 

8:« 

-139. 

— 98. 

- I* 

-22.8 

30. 

—1.1 

£ 

1. 

-130. 

-121. 

— 90. 

— 85. 


—22.2 

-22. 

30.2 

31. 

zl:. 

6( 

K8 

. 

3:. 

-112 

— 80. 


-21.7 

S* 

+?!» 

1 

. 

21.7 

—103. 

— 75 

— 8. 

-21.1 

33.9 

7 

.8 

t. 

- 94. 

- 70. 

- 8.8 


1. 

1 


-1 

18. 

- 65. 


3- 

1.1 

T 

1 . 


— 76, 

— 67. 

- 60. 

— 85. 

-li 

=S:« 

35!o 

1.7 

h 

73 

Ji 

1.4 

1 . 

8:> 

— 88. 

- 80. 

- 2.2 

-19. 

lo* 

r 

1 . 

a.9 

— 49. 

— 45. 

-|. 

-18.9 

87. 

2 8 

71 

^2 

3:< 


I. 

-40. 

— 1. 

-18.3 

37.4 

8 9 

T 

1, 

= 1 

h 

7- 39 4 
L. M. 

- 0.4 

9* 

-18. 

-17.8 

S: 

1 

\ 

3:. 

— 1 

B- 

-S.8 

+ 1. 

-17.2 

39.2 

4. 

71 

M 

3:. 

- 

7. 

-S.3 

1.4 

z\h 

49 . 

4.4 

7| 

1. 

-1 

16.4 

- S8. 

1 - 


5. 

fi 

1 . 

28.7 


B- 

- 37.8 

3 . 1 

-16.1 

fi. 

5.6 

fi 

9.8 

3:. 


i. 

- 37.2 

3.2 

-ulo 

42.8 

8. 

I 

1 . 


14.6 

-87. 

4. 

19- 

8.1 

i 

1 . 

27.8 

— 

1 i 

: 

-Ih 

S :6 

6 7 

?:* 

7,8 

8 : 

{ 

2.4 

1 . 

8:3 

— 

13.8 

III:. 

6.8 

7. 

=|}-9 

8 : 

8 

8 

!:> 

28.8 

S:« 

i ^ 

B- 

-35. 

8. 

—13.3 

46.4 

It 

1 

h 


11 . 

- 34.4 

8.6 


91- 

I 

{. 

i*9 

«• 

29.2 

II* 

iSv 

1 * 

-12.8 

48. 

8.9 

1 

7 . 

. 

10. 

—12.2 

48 2 

?:« 

8 

7.8 

ii- 

i — 

9* 

— 33.3 

10.4 


fi- 

8 

1 . 

ii.t 


27.4 

- 8 :. 

11 * 


IS;. 

i 

L 

11.7 


II* 

12. 

-n.t 

oi. 

8 

9.8 

Wt 

n.t 

( .. 
( - 

i:« 

— 32 2 

— SI. 

12.2 

13* 

III:. 

51.8 

B- 

Ih 

1 

1 : 



— 31.7 

li* 

zV 

B. 

11.7 

9 

lt9 

3:< 

».9 

— 

1 . 

— 31.1 

— 31. 

ilj 

5.8 

B- 

3:. 

I 

: 

z 

8 : 

-80.6 

- 30 . 


- M 
-8.8 

8:4 

«;• 

9 

9 

3.2 

14 . 

8 :« 
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Equivalent Temperature Readings for Fabrenheft 
and Centigrade Scales 



















































